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THE OSCILLATING WING WITH AERODYNAMIGALLY BALANGED ELEVATOR*

By H. 6. Kﬁssner and ; Schwaﬂ&

The two~dimensional problem of the oscillating wing
with aerodynamically balanced elevator is treated in the
manner that the wing is replaced by a plate with bends and

- stages and ‘the airfoil section by a mean line consisting
‘of one or more straights. .The computed formulas and
tatles permit, on these premises, the prediction of .the
pressure distribution and of the aerodynamic reactions of
oscillating elevators and tabs with any position of ele-
vator hinge in respect to elevator leading edge.

I. INTRODUCTION

The basis of the present report is Klissnmer's article

of the nonstationary 1lift of airfoils (reference 1),
which gives — for the linearized itwo—dimensional problem
of the oscillating wing — general formulas for the calcu-—
lation of the pressure distribution which are applicable
to any pneriodic form changes of the profile mean line.
The example, given in that article (reference 1), dealt
with the vlate with a single bend, which corresponds to
a wing with elevator pivoted in the etevator leading edge.
In order to keep ‘the contrel forces at a minlmum, the
elevator hinge is, however, usually shifted back or - the
elevator trailing edge is fitted with a tab. Since the
knowledge of the aerodynamic reactions of osc111at1ng

" "wings with such sowcalled aerodynamically balanced ele-
vators is important for .the prediction of the crltlcal
‘'gspeed of wing flutter, the. .derivation of practical formu—
-las .-for this case also seemed deslrable.u .

Extens1on of the theory to 1nclude a.wing with ele-
vator and tab is comparatively simple. It involves merely
the calculation of a plate with two bends instead of one.
This »roblem has, meanwhile, been attacked by F. Dietze

*Der échwinbende 17‘1'ﬁi'gel-‘mit aerodynemiech ausgeglichenem
- Ruder. Luftfahrtforschung, vol. 17, no. 11/12, Dec. 10,
1940, 337=54., o .
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(reference 2). Treatment of the elevator with set-back
hinge, that is, with st=called aerodynamic internal bal-
ance, is more difficult.. It . involves the -problem of two
independently osclllating plates, which has never been
rigorously explored. However, if the gap between both
plates is small and the oscillation amplitudes low, a
first approximation may be carried out with the formulas
developed for one plate without having to satisfy a sec—
ond flow—off condition. Such a case arises .on the double
wing. On.the more frequently employed types of .elevator
installations with blunt stabilizer end,no air flows
through -the gap at small elevator angle. This arrange-
ment is: therefore better replaced by a profile mean line

. passing through between stabilizer trailing edge and ele-—
..vator leading, edge.g '

If the vertlcal translatory motlon of the elevator
is looked uvon as a new degree of freedom "stage osc1l-\
lation," it is possible, in combination with the degrees™
of freedom of the simple and doudbly bent plate, to compute
elevator systems with any position of elevator or tab
axis., - The necessary formulas are evolved in the follow-
ing,while & new integral representation is employed for
computing the pressure distribution.

"II. PRESSURE DISTRIBUTION OF THE OSCILLATING WING

The motlon of the wing. is’ analyzed first. A uniform
rectilinear motion of the wing as a whole with flying
speed v 1is superimposed by a harmonlc oscillating motion
z(t) with small amplitude at right angles to the direction
of flight. To make the problem amenable to mathematical
treatment, a 11near1zat10n of the formulas is first neces-—
sary. The airfoil section must be replaced by an aerody-—
namically equivalent mean line, In the rest position the
mean line is to form a straight line coincident with.the
horizontal x axis, extending from x'= -1 to x = +1.
The harmonic oscillation motion of any point of the mean
line is then.’'given in complex form by . )

.= £(x) et V" - @)
with v = nwtural frequency Lt = time, Ordinarily . f(x)
is a complex functlon. ‘Vhyblcal significance is to at—
tach to the pure,imaginary term of the equat10ns~ Hence
the mean line is not only subject to translatloﬁ"and rota-—
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- tion bﬁtLalEb:totamy-dé%qnmatiomﬁ‘durihé‘the.oscillhmﬁon,

provided, however, that' the oscillation motion is at
right angles to the x axis and that the amplitudes are
small 4 s T L P -

' The term "downwash" denotes the vértical velocity of
a fluid particle in a coprdinate system in which the fluid
rests at infinity. The downwash on the mean line is.
readily given. . It consists of a stationary portion due
to gliding of the fluid particle past the mean line.
sloped confogymadbly to az/bx at velocity v and of a
nonstationary portlon due to the transport of the fluid.
particle with the osc1llat1ng mean- line conformably to .
its vertical velocity bz/pt. The assumption that the
fluid particle glides at every point along the mean line
with constant v - is, of course, simply an approximate
assumption permissible within the frame of linearization.
Small interference velocities Av relative to flying
speed v are..ignored. .  With the reduced frequency

vl where 1 = half the wing chord, equation (1)
. Y,v . S
gives the downwash on the mean line at

ve=V3zT 5%
= v Q.Z..;.E_Z_) (2)

0x - 1.

It is now advisable to introduce a new variable .x =
—~cos B .and to consider  w. as:a.function of € and t.
Then the Fourier expansion

P

o i o w(e, t) '-ivt[P +KMAE Pn cog-n 6] 4,-: (3)

t

is obtalned..g. Ry o
Wlth the - downwash glven in thls form, the two-
dlmen31onal airfoil theory yields a deflnlte relation
between downwash and pressure dlstrlbutlon on the mean
line, whereby oressuré weans the pressure difference be—
tween the upper and the lower sides of the mean line at
a certain point: =xvs; Next,w 1t is elédr that the pressure
must also be a harmonic time function if the downwash is.
In addition, the pressure must.be. pr0portlonal to the-
dynamic pressure, that is, proportiohnal to pV . Accord—
ingly, -
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(2] .
ri(e,t) = pviet [2 a2, COtap”%'% 4 §"an»§££_212 } (4)

which insures the smooth flow—off at the wing trailing
edge. The pressure is tied in with the distribution of
bound vortices ¥ employed in the report (reference 1)
through the relation Tl = va.*fThen the use of the
vortex concept or else Prandtl's acceleration potential
affords the general relation between coefficients a,

and P

1 + T
2 \
(2) . 2
(=i w) + i'H 1 (=i o)
T =T(-iw) = =
‘2)(—1 w) + 18w

Evaluation of this general result in special cases
requires

1. Determination of P, from the plate motion ac-—
cording to equations (2) and (3);

2. Calculation of a, from equation (5);

2. Calculation of the pressure distribution equation
(4) by summation of the serles apnearlng there—
ine

To establish relationship between w anéd TII, the
circuitous method of Fourier expansions (3) and (4) is not
necessary in the face of the integral relation evolved
hereinafter between IT and w. The method used here
agrees with the line of reasoning for Poisson's integral.
To this end there is put

w(©,t) = v eV w(g)
: [os)
Po + 2 Z Ph cos n

D

w (@)

and this function is analyzed for ‘O’é 2]
.for O = 6 =1 only,as heretofore.

A

2m rather than
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y conti¥nuwouss - The ‘Fourier coef-

. "'I;é t - .'.w‘\ (_‘e) L, be; p/a:\r‘tl

ficients P, ' are-
L k14
1 rr AN -
Py= _n::/jW(ﬁ)'CDS‘n 4:d 93
R AR )
-
L ’/ww) e ad, =nzO
o
Then
a1 ‘ -
S eiﬁ + g = -
= e e o
£(z) = = fW..(‘” cw,

o ' ’ .
dgl <-1- and 1is represented by the

analytically ' for ;
power expaqsion (reference 4) -

.‘, N . . ‘ m n

£(z) = Py + 2 £ P, 2z -

o : 1 B
Multiplication of a (n = 1)" according to (5) by
22%7' and summation of =n =1 to © affords
. B S . : ‘ PR
2 §anzn = % (f{z) + Py) - £ (z) - 5 ;E(f(z) - Py — 2P;2)
=2Pf(z)<l—-}—>+P <1+-}>+2P1‘ - £1(z)
2 z° o z= z .

0 to z gives

and integration from

2z
n r J
2w [ L)
- il : - —
2 /l-_ (Z)<1 .. ze A
‘ I N TO“'. D v e i b een "

[+~
2§3an—n——

1o

2 P
+ P, l+-—>+——-——1-]dz-f(z)+P
22 Z . . (o]
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Insertion of the foregoing intégral reéprésentations for
£f(z), Py, P, followed by exchange of the integrations,
yields

a1
o 5 - 4
2)5,3,11 %—-:-_-.].'./ W(é)l})iln(l—;e iéz‘)s:i.n'¢9+ iﬁ—]dﬁ
nzo e -z -
With z —s e*® , it affords, if the left side converges,
- 2Tt
in ~ .
1 : -9
2 %}O an 3.;1___ =-= f W(é)l_wiln(l—el(@ )) sin 9
o is

e
+ e [dd - W(O)
el? - ele']

The integral on the right side, at least the integral

id
: e
over the portion with 6 —s-————>r= |, -is to be taken as
ig e 10
Cauchy's principal value, at which the critical point of
the integrand, 9 = O, 1is approached symmetrically from

both sides. The additive term- —W(8) follows the exact
execution of the limit transition (reference 4).

For abbreviation there is put
ei®

Si0 _ 18

wwi In(l — ei(e"ﬂ)) sin ¥ + = K(v,9)

Since W(3d) 1is precisely and periodically of the period
2,

/" W(3)K(5,8)a D= /ﬁ'wm [K(5,8) + K(=8)] d o
:O /o

and consequently »
I 2

o . - - .
4ina 22RO 2 f W(0)K, (8,0)a 9
1 1 n i
‘ o ..
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o TR, (950) F K($,8)7 K(=9,0) = K(8,-6) — K(~3 ,~B)
or computéd

2 i sin ©

K,(3,6) = w 4 (=2 sind L(e,9)) + ‘
: cos ¥ — cos O

where
! 8 + 3 '
sin. 1 —cos(® + %)
L(e,%) = 1n l 2 = % in I 2 Z) - (6)
- -~ COS -
sin @......—.'B_
and hence
- ﬂ
4% a, 5.1.3 5o W (3) wL(e 3) sind - sin 9 sz‘}
1 cos ¥4 — cos ©

Herewith the summatlon cited under & ig carried out once
for all. Adding the missing terms gives for the pressure
distribution

I1(,t) = p vZ . eWP (1 + T)(Py — P,;) + 2 P, Jcotan -g-

T

* 3 . _.‘-a .
+p v 2 fw(z?,t) l:w L(G O sind = ——mnZ ]da {7)

cos ¥ — cos 9
o}
or, after expressing the Fourier coefficients P, and P,
\ by integrals,

T

TI(®st)=pv —/:r(z‘) %) [{-——2-— (1~cosd)+cos z‘)}cotan %‘*‘9014(9,0) ipp SO ]dﬁ

cos ¥ ~cos B
0 . (8)

I'T is herewith given by w and,according to (2), by =z.
In conclusion it is pointed out that an indepéndent de~
duction of the same result based -upon the known solution
of a simple integral equation, will be found in Schwarz's
‘report (reference 3). (H, SBhngen also reachéd this re-
sult according ta oral communication.’)
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- III, FORCES AND MOMENTS"

With pressure distribution II given in function of
©, the force exerted on a reg ion x3< x< 1 of the mean
line is . ..- _ .

. 1

K1=fII =/H(9,t)sin9d8 ' (9)
TE 4 : S

where 'x; = — co0s-¥ 3. The area..x =1 and € =m, re-—

spectively, indicates the wing trailing edge, the end of
the mean line. The moment about the reference point =xp =
~ ¢0s Xg 1is defined by

.
¥, = TI(x - xz) d x =
Xy
i
=\/ IT@,t)(cos Xz - cos ©) sin © 4 € (10)
,xl

with the semichord put at ¢ = 1. K, and M, apply
solely to a plate strip of width 1. ZFor the force and
the moment of any plate with chord 2! and span b, it
is usual to put : :

K =K, lb~7jf

=
1}

2
The moment is positive when nose-—heavy.

IV, DIVISION OF WING MOTION IN SIX DEGREES OF FREEDOM
The-llnearlzatlon of the problem. 1h guestion makes it
possible to split compllcated motions and. form changes of
the wing into so-called degrees of freedon from which the
final solution is afforded bv superposition,




. NACA .Technical Memorandum No., 991 : 9

. Pheanalysis *bases on:a -wing-with.aerodynamically
balanced elevator and tab, having the mean line shown in
figure 1. The wing as a whole is fr‘f to move. The
movability of the -elevator -is-.restricged to. the extent
that one of its points, the elevator axis, is rigidly

. connected with the wing, :while the tab axis itself is

rigidly joined with the -elevator. Accordingly, the state

.of. motion can be superimposed by the following four por-
tions (fig. 2): . .

a) Flapping motions,

b) Wing torsion osclllatlons about the forward neu-—
‘tral point x = — 1/2 '

c), d)‘Elevator'torsion osciliations about the ele~
vator hinge [x = —cos XR;sElevator leading
edge at x = —cos @; wing trailing edge at
x = —cos (p — 8p)], :

e), £) Tab torsion oscillations about the tab hinge
[x = —cos X g tad leading edge at x = —cos ¥;

elevator trailing edge at x = —cos(V¥ — 87)],

The elevator torsional oscillation is divided into
two parts and treated separately, namely, as a torsional
oscillation about the elevator leading edge and a trans—
latory oscillation, termed "step osclllatlon (figs'. 3a
and 3b). The same applies to the tab. The advantage
accruing from this divisiom is that both portions in the
main depend only upon one geometrlcal parameter ® ~or V.
The actual elevator osc111at10n with ahy hinge and any

Aamnlltudes follows then as a linear form of these two

portlbns..

. Accordlngly,'any w1ng—elevator—tab osclllatlon can
be bullt up from the following 51x degrees of freedom.

‘a) Flapplng oscillation ‘of the whole wing, pure'
translatlon of wing, '

b) Tor51onal os01llat10n of wing about the forward
neutral p01nt

c) Tors1onal osc1llat10n o? elevator about 1ts'
 leading edge,

d) Step oscillation of elevator, elevator transla—
tion,
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" e) Torsional oscillation of tab about its leading
- edge, ; :

f) Step oscillation of tab, translation of tab.

It should be borne in mind that elevator and tab are
included in the wing and the tab in the elevator. The
amplitudes of these six degrees of freedom are denoted
with A, B, C, D, and F. Amnlitude D follows from the
requirement that the point x = —cos A g corresponding to

the elevator axis remain fixed at the oscillation super-
imposed from degrees of freedom ¢ and d. Now this
point experiences through degree of freedom ¢- the maxi-—
mum deflection €&(cos P - cos)(R), through degree of

freedom- 4 the deflection D, If the elevator axis is
to remain fixed, it must be: '

C(cos ¢ - cos Xg) + D =0 (11)
The cofresponding formula for—the elevator tab is:
E(cos ¥ — cos xg) + F =0 (12)

The various degrees of freedom and superpositions are
illustrated in figures 2, 3a, and 3b, For d and f

two different cases are involved, one the "open stage,"
allowing free flow through the elevator gap, the other,
the "closed stage" where no flow passes the elevator gap.
The former is approximately achieved by a double wing
with sharp stabilizer tip and thin elevator or a less
vertically arranged elevator. The second case is that

of arrangements with blunt stabilizer tip and thicker
elevator, where the thickness itself prevents any flow
through the gap at small elevator angles and even at
larger angles throttles the flow considerably (figs. Z3a,
3b). The open stage, denoted by ©, consists of two
flat, parallel plates. TFrom stationary investigations

of bent plates with gap (references 4 and 5) it is known
that in the extreme case of infinitely small gap the
pressure distribution is unaffected by a vertical trans-—
lation of the elevator, if the transliation is small.
Compliance with a second flow—off condition is therefore
unnecessary in this extreme case, and the pressure dis-—
tribution is achieved from the known solution of the in-—
tegral equation of a plate extending from stabilizer lead—
ing edge to elevator trailing edge. It is assumed that
this holds for nonstationary flow also., o
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The closed stage, denoted Dy —, consists of two
flat, parsllel plates joined by a slope with the projec—
tion 2ZTSR. The mean line therefore is an uninterrupted

straight line. It is assumed that the width 21Tgg of

the gap bridged by a straight line is small and the terms
approaching zero with Tggp are omitted in the subsequent

formulas. This leaves then only a logarithmic term in
the expression for the stationary elevator force, which
contains TsR* By disappearing width Tgy —» O, +that is,

on becoming vertical, this term obviously tends toward
©, since the linearized theory holds only for small in-—
clination angles of the mean line. This difficulty can
be avoided by selecting either a finite width 2i7gy or

prescribing a "break—off." Logarithmic singularities
freguently occurring in the results of theoretical physics
are usually made harmless by break—off directionms.

The stage oscillation of the tab is also divided into
"open" and "closed."

In respect to the substitution of the wing profile
for a mean line consisting of one or more straights, it
may be stated in general that a makeshift is involved.

If sufficiently accurate nonstationary pressure measure—
ment were available, a substitute mean line could be conmn—
puted which reproduces:-the recorded pressures within the
frame of the linearized theory. The mean line would
generally be curved and encumbered with a large number of
parameters.

V. FORCES AND HOHMENTS OF THE DEGREES OF FREEDOH

X 1ift of total wing

b

o moment of total wing about the forward neutral
point ’ -

R 1ift of elevator
i) moment of elevator about its leading edge
P lift of elevator tab

Q moment of elevator tab about its leading edge
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are composed

of various portions produced by the degrees of froedom

a, + « o £

X

. o0

Q

wvhere, for example,

1ift obtaining from degree of freedom
the 36 gquantities

tude A.

Kg’ H

og?

Re

must be explored.
freed of the factor

a

Accordingly,

)

g,

X, + Ky +

+ ® & o

+ Kf

+Q,f

denotes the portion of the wing

Fg

L) ng’(

a with

g"= a,...f)

amnpli—

They become dimensionless and are
through

elvt

G
G

G

G

o

ipt
e

ipt
e

ivt
e

ipvt
e

ivt
e

ivt
e

e
E = B,ye00,f

L (13)

J

These are the final formulas, which reduce the forces
and moments to the dimensionless forces and moments of

the

K

3

b=

LZ

12

1=

separate degrees of freedom:

b'eivt
i1
D el ¥

ipt
e

oG
pe
ZG
%G

[ng|
o)

(14)
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The summation must be extended over all the occurring
degrees of freedom g. G denotes the amplitude of de—~
gree of freedom g. The elevator moment N is referred
to the elevator leading edge, the tab moment § *to its
leading edge. The 36 aerodynamic factors to be defined,
should be arranged as shown in figure 4. This comprises
9 fields of four factors each, arranged in 3 rows and 3
columns, respectively., The relationship of w is not
marked, The factors in the fields of the second row and
second column depend on ¢, those in the third row and
third column on V¥ (fig. 5).

Hence

1. 4 foctors are independent of ¢ and ¥
2. 12 factors are functions of ¢
‘3. 12 factors are functions of

4, 2+ 4 factors are functions of ¢ and V

VI. PRESSURE DISTRIBUTION AUD ABRODYWAMIC COEFFICIENTS
O0F THE DEGREES OF FREEDOCIH
a) Flapping Oscillation

The plate oscillates harmonically by shifting parallel
at right angle. to the direction of flov:

zZg = A et
Then
;= Caivt oo
Ve = VW A-e
the Fourier coefficients of v, are

Po = w A, ?n =0 for n >0

whence the an's follow at

. w?®
UJA,a.1=-A,

a, = 0 for n>1
o} 2 . 2 n

Then:
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11, = II, (&; 6,t) = I, = 1T, (B; 0,9 =
’ =ev25‘f‘-B-[{u+w)‘@+79—,w} cotg 2
=~ o2eiUb [T - " b ot ol snO—wrsin@cosO| . . . . (19
pv3e Al:(l+T)wcotan2ﬂ—~ . . : ]

" Integration gives the force and mo-
ment coefficients at

Fy = (L4a) 1+ T)F ot 5ot
mp = w+—-83-w2

+ 2 2 sin @] ' (18)

Integration of this pf‘:essure dis- o?
tribution according to equations (9) 7= A+ T) 0+ o) PatoPo 3 % (s)
and (10) affords the following forces nn(p)=3 (1+o)(1+7) dia-{-%wﬂl,,—{-%w’ @,
and moments and their dimensionless ‘

coefficients, respectively: ;’ffZ}ZZ’;(&
by =0 1-+T)to? ¢) Torsional Oscillation of Elevator

1
=g N R Consider the plate with a single
wralp) ={1+T)ady +al%, . . 18/bend, the bent portion executing har-
wne(p) =g 0P L+ T)+ 5 * & monic torsiomal oscillations about
Pa(y) =raly) the break. In this instance the
%alv) =naly) state of motion is expressed by
Quantities Qn’—' @n(cp) are functions . =(0 . for 050<¢p

of @ and are found in the list of the G (eosp—00s6) for p <O <

® funotion (sec. VII, 5), Since quan-;p pootristed to small elevator os-

tity ® does not appear in II, as cillations. For W, it affords
parsmeter, the integrals for pg, qq

. i _ [0 for 00 <¢g
differ from those for rg, ng in the "f”_{vCei-”‘-[co(cos_q)—-cos@)+1] for p <0 <.
¥ substituted for @.

5 s For the calculation of II; +the in-
b) Torsional Oseillation tegral representation of section II
Restricted to small torsional engles,iS resorted to. Fourier analysig
the plate motion is represented by = 8&1VeS the first two Fourier coeffi-
- cients of the dowmmash at
1 ‘ir\/
z" iB.(?—me)":'/l‘ 1{0=%[n-—¢+w~{(ﬂ—fp) cosw-i-sinq’}],
which affords Px-‘—’—“c‘[‘—‘Sinq)-i-%{——n-}-fp—sincp"cosfﬁ}]'

=vB ivl, i___ e
we=v3e [w(2 °°59)+1]’ whence the factor of cotam 5 at
whence the Fourier coefficients (Po—Py) 1+ T} +2 Py 1

w” » =—2[(1+T)¢,+(1+T)w§"pz—'25inq’”"wq’a]

Py=B(1+5) Pi=— 5 B Pa=0for n > 1 iy

On separation according to the 5
The a, coefficients follow at functions of w, namely,

147} 14 Tlo, 1, o, *
3 the integral representation changes
ay=wB —I-E;iB to -
0= 1. (C,; 6, .= vt =

X1+ T) Moy + (14 T) 0 Hep + Mog + 0 Moy o 0 1(119}

a°=1——%z‘-(1—l—w)B——62°-B

a2=——-a;—sB,a,,=0fOr n > 2-

Then the pressure distribution is:

o ey e et i e
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with 3) Stage Oscillation of Eleva.tor
ORI O S d 0p.n atage. e
I, = 451 cotg ) .
2 In degree of freedom d two cases

) . .
Moy =+ 0ycotg S are involved: the open stage and the
2 2 ) : s
closed stage. The first defines the
. sin@-.d 4 R
Moy = —2sin ¢ cotg 5 3 2f G056 —c056 deformation
) za =23 (D,9,0) =0 for 00 <gp
Heq=—P; cotg 5+ =Dél" for p<O <.
N which affords '
CO. = N o
+2 I[cosﬂ gg:gsm@-l—L (@”2)]::5'“0”” wi=0 for 050 <y

=vDe"w for p <@ <
For computing the pressure distribution,
equation (7) is again resorted to. The
first Fourier coefficients of the down-
wash are

Hyy = —2sing- cotg & 2L (0, 9) Po=22w—g), Pi=—Ln,

M, = 2§(cosq:—cosa)-L(@,a)sinﬂdo.
@

The integrations give

I, =—¢3cotg%+4(n——q)) sin @

giving the factor of cotan £ at
+ 4 (cos ¢ —cos @) L (@, ©) 2

= — @) - 2 co! i i
Hes %L”_ zpq)))sm (éz(;’;_(!)_:l—nLq’(]t:"(l‘D)@(cosw——cos o)z, (Po—P)) 1+ T) +2 P, “2 [—2wsing - (14 T)wo,].
The same result is acnieved by airect Tnen the pressure distribution is ac-
summation of the Fourier series by & corging to (7):
different method (reference 1), which,
however, involves much more paper ;=115 (D, ¢; O, t)=ev”e""-%

work and is therefore omitted. X [T T4 (1 +T) o Hi+ O+ o iy +o? I15) -
Integration of the pressure distri- ..., - (22)

bution (19) by equations (9) and (10) & =0

affords the quantities kg, my, rg, n,

Iy == @, cotg _(Z
at:

IIi3=0
7 ke (@ —(1+T( —I——w(b,)—f—w% ——w“lu 17@4——25m<pcotg 5 2f sin © dd

cos ¥ —cos O
1 1
ame (@) =P+ 5 0P+ 0 P,
2 4

[
) Hd5—2fL(@051nﬂdﬁ
wtrg (@) = (14 T) (¢1+?w¢g)¢31+¢35+w¢“
+'l‘w3¢a7

2

200 and, after integration:

iy = ——2smzpcotg—-}—2L(@ )
2 (p) = (14 T) (‘px‘l‘—wq’z) +‘1’w+%w¢u I3 = + 2 (z— g) sin © - 2 (cos p — cos O) L (g, O).
+_1_w :p,]  Integration according to equations(9)
While these quantities depend on Q and (10) yields the coefficients kd’
only, the force and moment coefficients@®i> T§s B3s P§» af, the last two de-

of the elevator tab involve both o pendent upon both ¢ and V¥; it is
and V¥ in p, and qc. The result found that

is: ki) =14+ TP+ 0P,
2 pelpy) = (1 +T) X+ 1+ T o X, wmi (§) = 0B, -0t Lo,
FXtoXi+or X | o _ 4 (23)
gl ={1+T) X+1+To X, 21 - q2rg (@) =1+ T) o P, Py + o Py + 0* Dyy :
4 Xt o X+ 0 Xyo

71 () = (L+ T) @ -5 By Py 0 By 2% - By
xi= xi(cp, \J!) being functions of @ nzpf (@) = (14 T)o X, + o X+ w? Xy, } o
and V¥, given in the list of the X "¢y =01+ToXtoX+a'X,
function in section VII, 6.

- (24)
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Functions &4 =0 ;(¢) are taken from =k (p) = (Pu+o®,) (HI T)+ o b+ d,
the 1ist in section VII, 5, and the #mz(p) =Put20B+ 7 o?d

; L trr (@) = By (14T
func;bz.ons X;= X3(0 ) from that in =ri(e) = (Pu+o ) _I_(:‘jr—g_-iwdlm—}—wz o, { #0
section VII, 6, _ 2 nz (7 = & By (Brs+ 0 By) (L T)

1
d o Py = w? Dy,
d. Closed stage. + Pt ad, 5 o

Here the term m°r. free from w, ex—

Its mean line is the closed obliqus . )

stage (fig. 3b). It can be combined pressed with 11 ry» DPresents a certain

from two plates with single bend: obstacle. It had been assumed that the
2= 5 (09 =0, O) 41 (~C,p; O). air does not pass through the narrow

The height D of s8lot between fin and elevator. To in-
& of the stage for O=g sure this in theory, the gap was covered

183
° D= [cos (p—d,) — cos p] from fin trailing edge to elevator
whence ' ' leading edge. Therefore the diagonal
o ZedD @ —8y; O)—z, (D, p; Q) stage for the degree of freedom J was
cos {p—3u) —cos g really obtained; this, however, was

Since the "gap," spanned here by the idealized to the vertical closed stage.
diagonal line, is very narrow, i.e., The force and moment coefficients com-
5R is very small, it suggests the re-puted for the latter disclosed the sum-

placement of the diagonal stage by theand in T "5’ s free from w, as o,
vertical stage created through § R~ Oa sign that the idealization is carried
(fig. 3b). too far. So, for computing this sum-
mand, the oblique stage was reverted to
Then the pressure distiribution is: for which the term

II7 (D, @; ©,t) = lim . (D, ¢ —6,; 6,) —II, (D, 9; 0, 1) At rk = 21In 75, By,
7(D,gs 0,0 = lim ==t g e o 3 5 U
>0 005 lp —d,) —cos g was obtained; while it 1s noted that
_ 1 om,(D,g; 0,4
sin ¢ dg - 27,
R

Effecting this differentiation with sin @
the aid of the formulas for II.,

. by ommission of terms which become zero
yields IIE:

with disappearing gap width.
I (D, p: O, = pu2irt. 2 This difficulty arises in the sta-
= tionary case (W =0) also; hence it
- 5 115 41T IT; , 4 w? IT5,], 25 2
;;}[1(;;:;11 vH AT ol it o Iz 4 oh )represents no peculiarity of the non-
?;_ L stationary calculation. The term r§
W T sing dg

individuallys: ‘ could equally well be taken from sta-
tionary measurements or from another
than linearized stationary theory.

I 3

%)
Iz = tg% cotg—z—

IT;, = &, cotg —Z—

@ 2 sin @ The factors Py and a3’ related
I3 = 2cotg¢~cotg§—§ﬁ- 05p —00s O
_ o to ® and V¥, are obtained on the
Hiy=—2sing-cotg 5 +4L(g,0) basis of the vertical stage.
Iy =2 (n—¢)sin @+ 2 L {p, O) (cos ¢ — cos @), 27 (@ y) = (14 T) X+ (1 + T) o X,
The forces and moments for wing and + Xt o Xy 0? &y (22)

elevator integrated according to equa-*le¥)=01+T) X15+(:—+XT)iqu .
tions (9) and (10) are: 1 o



NACA Technical Memorandum No. 991 17

The functions Xj = X;(@,¥) are found  ____F N.(D,5,0=N:(D,p0+L RelDio,0)
" in-section-VII; 6: ~The incomplete ex- gr divided by np v°1%b D olvt
ecution of &g—> O ocan be mathemati- 1 on, :

- =ng -+ re
sing 0o a1 e

cally interpreted as follows: .
e) Torsional Oscillation of Tab

The oblique stage (fig. 3b) serves
a5 the basis of the plate deformation
of d. In the calculation, however, of
the pressure and of the aserodynamic The two degrees of freedom, e and
coefficients, the terms that disappear f, are easily obtained from o and
by GR—>0 are discounted. d, for e end f refer in the same
: : menner tc the tab as ¢ and 4 to the

Nevertheless, since all coefficients elevator. Hence, on passing from ¢
as far as the term r% of ry bprove to e end from 4 to f, C 1is re-

laced b E D b F, 7 bY T o’
themselves to be independent of the slot® o v ¥ Tsr SH
width, the degree of freedom d is elevator and tab exchange parts, whence

characterized in compilation VII by the ¢, r, n are exchanged for. \l{, P, 9.
vertical stage. Then the serodynamic coefficients read:

f) Stage Oscillation of Tab

ke (y) = ke (y) hr(y) = ka(y)
A proof for the calculation of quan- ;:L"(E;’)w):::‘((::)rp) ’r”/’(f;")w ZZ’:(S"')‘F)I
tities kg, mg, ry» Uas Pg» and 94 ”e(‘{",y‘l’):% (u':'r) ny (¢:v')=qd(v':¢) L
is afforded when IIg is obtained from  » v :}c(('z}) p ((;/)) o %})
II, by differentiation. Then the fol- 14 the formulas containing the coeffi-
lowing formulas result: cients of d end f, +the open and the
e L Rk closed stage, respectively, serve as a
! sing 3¢ basis for elevator and tab.
ey ___,Si_lll;_ba_';’)c, VII. CORRELATION OF RESULTS
1 ontr . Figure 6 illustrates the six degrees
mrr == ey N I+ 1+ T elle+Is of freedom, the closed stages of d and
tollut e Hulo—; £ being shown verticel for simplicity.
ng =t Ofe An arbitrary degree of freedom is de-
) sing 0 noted with g, its amplitude with G.
Pz ———s—irll—w Oa’;;’ The concept "elevator torsional oscil-

lation" is, be it noted, included. The
actual torsional oscillation of the ele-
vator with eaerodynamic balance consists
As an example, prove the fourth of the,r glevator torsional and elevator
formules. It is: stage oscillation (degrees of freedom

1 2 ¢ and d).
Sing O Section V contains the aerodynamic

1 . coefficients (13) serving for the pre-

=Ty (D901 (cosp—cosO)sinblony g5 5t50n of the fczrces and moments I(>14,).

T 1 s . These coefficients are then tabulated
+[ Gg 55 e (D9 0,1) - (cosp—cos O1sinOIO 3y pspine 4. Theip relationship with

v : : the geometrical parameters ¢ and V¥ is
II; D, p; 6,1)-{cosp—cos@)5in Od @ given in figure 5. These coefficients
are subsequently compiled (sec.VI) and
correlated in the following, the ar-
rangement being effected on the basis
121 of the relationship of ¢ and V¥,

rII,, (D, @; ©,t) - (cosp—cos O)sinOd O
e

]

Vo

+SH¢ (D,p; 6,1)5in0d 0O,
r

multiplied by




i8 NACA Technical .Memorl.nd.um No. 991

‘ ) .
gruunn“"n“"”4n_jn . flapping oscilletlion of total wing
£ (pure translation).

v torsional oscillation of wing about
forward neutral paifs..f

(6-:1;-,x=—%).

. torsional oscillation of elevator
about ite 1&Sding edge.

5 stage oscillation of elevator
(pure translation) by open stage.

- stage oscillation of elevator
(pure translation) by closed stage.

, torsional oscillation of tab about
its landing edge.

0 im '_';ZF 7 stage oscillation of tab
(pure translation) by open stage.
stage oscillation of tab

4F .
0 #EW'T'/ 7 (pure translation) by closed stage.

Figure 6.-Correlation of the 6 degrees
of freedom.

mrlp) = (L4 T) (1+a) ot 0 By 00 B
1. Coefficients independent of @ and ¥
ke =1+ T)wtao? ,

o Lo wre(p) = (L T) (0,4 5 0 By) O
+ Py 0 P+ ;’ 0* Dy,

2
wnelp) = L+ T) (014 y 0®s) 5 2,

any () = (1 +T) (1 +0) 5 Byt + 0By + 1 @,

ky = (14 T) (1+tu)+w+_]2sz

3
my =+ Y w?, 1 1
+¢w+—2'w‘pu+zw’¢u
2. Coefficients dependent upon @ only ,:ps(p) =1+ T)0®, &yt o byt wtdy,

- i l 2 22rz (@) = 1+ T) (Pra 0 D) Py

nks (p) = (L+ 1) (B 5 0 @) +0 B4 5 of e S
wms (p) = Bs 5w By + 1 02 By i (9) = (L4 T) 0k 0,0y 0 By -+ 02 B4,
ks () = L+ T) 0 B+ 0 &, @ nz (p) = (L T) (@ + 0 B,) 3 @,

= L 2
7 k7 (@) 1+7) (;Dm Lo @) + Dy w+ Dy +¢1a+w¢w+%"ﬁ By;.
am(p) =P+ * B

1 . The functions ¢; = &;(p) are read
wmglg) = Ps+ 20 D5+ %wzq% from VII, 5. The appearsnce of Tgp
wr (o) = (14 T) 0By - 0t Do (ratio of elevator gap width to wing

. . chord) is explained in the formula for
anglp) =L+ To5 Pt P, r3 in section VI,

Frttammee =




S that w “replaces 7¢
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8. Coefficients dependent upon WV only

.Lastly, the functions as they were

evolved (fig. 7) are considered. The

These are the same as for P, except functions of field p, were evolved

tutes for TSR'

Pa (¥) = ra (y) 2a (¥) = ng ()
Poy)=rlv)  gly) =ns (v)
ke () = ke () my (p) = m, ()

ket =kaly)  melp)=my(p)?)
Pely) =ro(y) %o (¥) = n. (y)
pr iy} =raly) ar (v} = na (y)3).

and Tgyp substi- from those of field To
ing ¥ for o,
and field pe from field r..
tions of field- p,
those of field re by substituting W
for ¢t

by substitut-
field ke from kg
Fune-
are obtained from

The aerodynamic coefficients so ob-

4. Coefficients dependent upon ¢ and V tained contain functions § and X,

Pe (%) = (14 T) X1+ T Xo+ Xy + 0 X+ 02 X,

7 g0 (p; v) ='(1+T)Xr!—(l+T)wX1+Xa+st+w”Xm

2piley) =1+ ThoX,+oX,+o X,

2pz eyl =14 T) Xu+Q1+TNe X,
—}-Xn—i—me—l—w” X

7 gi (o, 9) = (14 T) ® Xg -+ 0 Xy 0 X

éa Ty o _Ila_,.
% % Fe

3
LY

|

ot

Figure 7.-~Relation of coefficients
to each other, arrow
indicates replacement ofp by V.

7"9:7(?’;'/’)=(1+T)X15+(1+T)WX3

+-Xu+wX11+szls-
the functions X;= X; (@, ¥) to be
teken from the list of the X fune-
tions.

The remaining four functions are
obtained by exchanging ® and V¥:

e (@, 9) = po (v, @) ne (9, 9) = gc (v, 9)
s (¢ y) = pa (v, @) ne (@, 9) = ga(v, 9) %),

again it is to be borne in mind thab
in the formulas connecting d with f,
the same type of stage is meant for
elevator and tab, that is, both times
the open or both times the closed stage.
Naturally, this does not preclude the
use of one type of stage for the wing
with elevator and tab and the other
type for the tab.

which have been computed for the prace
tical zones of parameters:

5. ¢ functions

P () =n—p-sing

D, (9) = (z— @) (1 + 2 cos @) 4 sin @ (2 -4- cos )
P, (p) =n—e@-tsinpcosyp

D, (§) = (1—9) - 2005 p +-5in p- = (24 cos?g)
D5 (p) =singp- (1 — cos )

P, (p) =2 (r—g) +sinp- 2 (2—cos p) (1-2cos 9)
@, (p) = (r—9) (3 +2c0s9)

—{—sin(p-%(8+5cosqz+4cos’zp-—2cos’«p)

Dy (p) = (z— @) (— 1+ 2cos g} - sin ¢ (2— cos p)
@, -(p) = (z— @) (L4 2cos ¢)

+sin<p-%(2+3cosg;+4cos’zp)
Dy, (p) = D (9) - Ps (@)
Dy, () = Dy () - Py (o)
B lp) = (a— ) (5 + 40057 e)
+ (7 — @) sin g cos @ - {7 - 2 cos? ¢
- sin? @ (2 + % cos? q:)

Dy () = tg %

Dy, (p) = 2sin k4

Dy {p) = Py () — Py (o)

Dy (9) = Py (9} - Dy () = 2D, () - sin @

Dy, (p) = (D5 (@)]2F-sint g .

Dys {¢) = — Py {9) - ln— ) (14 2cos @) —sin ¢ cos ¢]

1o (9) = 5 @5 (7) - Buy [p) = By (g) -sin g

Dy {p) = sin ¢ {1 4 cos p)

D, (p) = —2 (cos ¢ - In sin? g)

Py, (p) =n— @ —sing

DPyz (p) = m— @ +-5in ¢ (1 4 2 cos )
Dy; (p) = 25in%p

Dyg (p) = Py (9) - Dy (p) - 2sint p
Py () = Dy {9) - [P2{®) — D5 (p)].

@3 to ®,, was introduced by the -
Airst-named author (reference 1);

/ ®ap to $3y Dby Dietze (reference 3);
< 13 to Qai are new,
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6, X functions
.1
sing-(p+v)| 1—cos({p4u)
Ligy) =hl—g—r =?l“1—cos(¢—z)
sin5- (¢ ) :

3 Xy (@, y) = [(n— @) sin® p — (x— y} sin? ¢]

-+ (cos p—cos y) - {2sin @sin y — (cos g — cos y)2 L (g, y)]
Xy (g, y) = Dy {p) '45:51 (v)
X (p) = 5P, (0)- Oy ly)

X, (p,v) =2sing-siny—2(cosp—cosy) L (p,y)

Xy lp,v) = D5 (@) Pyg (w) +2P5 () - Do ()
+ (cosp—cosy) Xy (g, y)

Xolp ) =5 [ (0)— s (9)] - 24 (v) + Xo (9, v)
Xolp.v) =5 (p)- B ly)
X, (o,9) =5 Palo) Boly)
Xu (9, 9) = B5 (p) By () — - (c0s 9 — cos ) X (g, v)
X (0 y) =5 (o) Bely) —2 X, (,v)
4 Xy0(p,¥) = {n—g) (x—y) (—;—-I—‘icos tpcosw)
+ (r—¢) sinw(3 cosqv-l—%cosw—i-cow coszw)
-+ (=) sin p (3 00 p - 5 c0s 9 +- cos y cost )

+singsiny [2 4+ % cos @ cos v+ (cos g ~cos w)z]

— (cos ¢ — cos y) X, (g, v)
Xy (@, ) = Pus (@) - Pay (v)
Xigo gy ¥) = Puy (@) - Pos (¥) — 2 L (9, 9)
X3 (@, 9) = P (@) - Dy (¥} +-2 X (9, v)
Xia (@, 9) = D5 (@) - Ds () + D5 (9) - Pao (v)

+ 5 (05 p—cos y) X, (p, )
Xis (pry) = 5 B () By (9) .
Kag (@, 9) = Dz (@) - Py () — [P (9) - P (w) + X5 (9, )]
Xt (9, 9) =5 Pue (7) - B4 (v)

—[Pu ) - Par (v) + X; (@, 9)] - (cos ¢ —cos y)
X (9, 9) = X; (v, 9).
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—cos@ =1-2Tp=-0.2 -0.1 0 0.1 ..., 0.8
—COS’*’ =1-‘2TH= 0.80 0.82 . o0 esoeoe 1.00

In the @ functions 0.9 and 1.0 are added
to the values of ~cos @ and the range of
-cos V¥ then considered, as it were, as
refined division of -cos¢ . When the
tables are used, these values appear as
values of -cos VY.

The X functions include also the two
auxiliary functions L(@,V¥)and Xo(q,¥)
since they play a part in many X func-
tions. Not tabulated are the functions
Z; of the form

Xi(g,¥) = Onlo) m(y)

All the others are tabulated, including
X1 (9,¥) and Xi(\l!,fp); the exchange of
the arguments is superfluous for L, Xos
X0 X;4 since these are partly sym-
metrical in the variables:

L(o,¥) =1 (v,9)

%o (9,¥) = -XolV,0)
Ziol@,¥) = Xy0lv,0)
X1a(0,¥) = X,.(¥,0)

The values of the subsequent 25
tebles were computed to seven digits.

7. Notes on the numericaf calculation

of the § and X functions

On the conventional types of air-
craft the values of Ty and Ty in

the following intervals are appropriate;

0,6=1,20,1; 01 = 74 = 0,0.

hence the wvalues
7, =060 0,55.... 0,10
7,=0,10 0,09 ....0,00.

are used as a basis for tabulating @

and X. To it correspond ¢ end
with
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G e eiimewo ... APPENDIX

The tabulation of the functions g, E by Dietze
(reference 2) ties in with ours in the following manner:

o | 1.@
g1 7 T ¥4 €10 = —3
2n n® 35
&z = g; 2 11 = f; (3, + 0,)
n T
1 : . . 1
=~‘(D ' ' = - @ +®r~
€3 T = "2 512 o (24 s)
1 2
€4 = 7 Oy €13 = = 05
= 1 =
gs ﬂ(bs]_ .g.l4 2"®8
1
= L\ = 1
€g ~ 4 <®3 2 0q €15 o 0q
—l —
&y = 5 %az €16 T an? 012
1 1
g, = —=3 0 €,,= =3 @
8 .2"3 a7 17 o2 31
= A = L
€q 7 P Pse €8 qr = 00

k3

et

Here the gi's are to be taken for %E— which correspond
o . L )

to our -1p, the @i‘s for the argument 9. In addition

- f"\‘
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r3 = e X _ = e X
- 1 = _ 1

s = ~5 X, 817 = 7z Xy
—_ _ 1 -— _ 1
310";" X4 €1 o2 Xq

—_ t t .
where g, is to be taken for —iL, —fL, that is, for
* tpy by

T but X; for Y, ¢ rather than for o, y.

Rt T

Dietze divides the deformation of the plate into
four motion parts 0, 1, 2, and 3. Denoting these de—
formations with =z,, 21, 22, and Z5, with amplitudes

B,y Bi, B2, and @3 affords

%23 e =3?

Z, 1s wing rotation about the wing leading edge with am—
Plitude B,; hence

1 i .
2y = 2 B, "' 4 5 (By, 8) = =z, (B, 0)+ 5B, o)

For a given form change of plate it must be 2o + 23 + zg

+ 25 = 7, + 2y + 2, + 2_,, whence the amplitudes follow at

a c e
Boz_]:.A-_.].'.B
2 4
B, =3B
B =C




e
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Between the forces and. moments of both reports the

“féilow1ng relations exist:

P (xv. Xy 3 t)

]
‘l

ot
i
1
O g , ~N~ " W K
=
+
D+
~
~N_/

]
I

P (xp, x,; t)

P (xs

X
=3
ct
]
l

Mv(xv, X, X
M (Xa, Xh; XQ,t) = -

—

M (xs, X3 xs,t)

where the moment Mo is referred to the forward neutral
point, but M(xv, Xpi Xy, t) to the wing leading edge.

Translation by J. Vanier,
National Advisory Committee
for Aeronautics.
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Table 1. Functions &, (p) to (Ds ()

P R

N

c < .
T . | —cosel @ L Dy N @, @
0,60 - 0,2 2,75195 | 4,63657 | 1,96811 | 2,04138 | 0,78384 | 5,19087 | 3,08815 | 0,70034
0,55 -0,1 2,66595 | 4,09463 | 1,77046 | 1,66748 { 0,89549 4,85431 | 2,58554 | 0,55371
0,50 0,0 2,57080 | 3,57080 | 1,57080 | 1,33333 | 1,00000% '4,47493 | 2,11873 | 0,42920
0,45 - 0,1 2,46562 | 3,06698 | 1,37113 1,03916 | 1,09449 | 4,05564 | 1,69189 | 0,32472
0,40 0,2 2,34923 | 2,58530 | 1,17348 | 0,78475 | 1,17576 | 3,60110 | 1,30878 | 0,23834
0,35 0,3 2,22004 | 2,12814 | 0,97992 | 0,56949 | 1,24012.| 3,11729 | 0,97265 | 0,16829
~ 0,30 0,4 | 2,07579 | 1,69828 0,79267 | 0,39236 1,28312 | 2,61184 | 0,68605 0,11293
0,25 057 | 1,91322 | -1,20804 | 0,61418 | 0,25184 | 1,20904 | 2,09440 | 0.45068 | 0,07067
0,20 0,6 1,72730 | 0,93454 | 0,44730 | 0,14591 1,28000 | 1,57726 | 0,26716 | 0,03995
0,15 0,7 1,50954 | 0,61023 | 0,29550 | 0,07192 | '1,21404 | 1,07661 | 0,13469 | 0,01923
0,10 0,8 1,24350 | 0,33390 | 0,16350 | 0,02640 | 1,08000 | 0,61500 | 0,05055 | 0,00690
0,05 0,9 0,88692 | 0,11866 +|-0,05873 | 0,00472 1 0,82819 | 0,22788 | 0,00924 | 0,00121
0,00 1,0 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000
0,10 0,80 1,24350 | 0,33390 | 0,16350 | 0,02640 | 1,08000 | 0,61500 | 0,05055 | 0,00690
0,09 0,82 1,18175 | 0,28538 | 0,14005 | 0,02033 | 1,04170 | 0,53010 | 0,03910 | 0,00529
0,08 0,84 1,11610 | 0,23941 | 0,11774 | 0,01518 | 0,99836 | 0,44846 | 0,02932 | 0,00393
0,07 0,86 1,04582 | 0,19616 | 0,09667 | 0,01089 | 0,94915 | 0,37052 | 0,02114 | 0,00281
0,06 0,88 0,96991 | 0,15582 | 0,07696 | 0,00743 | 0,89295 | 0,29679 | 0,01447 0,00191
0,05 0,90 0,88692 | 0,11866 | 0,05873 | 0,00472 | 0,82819 | 0,22788 | 0,00924 | 0,00121
0,04 0,92 C,79463 | 0,08499 | 0,04215 | 0,00271 | 0,75248 | 0,16457 | 0,00532 | 0,00069
0,03 0,94 0,68934 | 0,05526 | 0,02746 | 0,00132 | 0,66188 | 0,10787 | 0,00261 | 0,00033
0,02 0,96 0,5637¢ | 0,03011 | 0,01499 | 0,00048 | 0,54880 | 0,05926 | 0,00095 | 0,00012
0,01 0,98 0,39933 | 0,01066 | 0,00532 | 0,00009 | 0,39402 | 0,02114 | 0,00017 | 0,00002
0,00 1,00 0,00000 | 0,00000 | 0,00000 | 0,00000 ‘0,00000 0,00000 | 0,00000 | 0,00000
Table 2. Functions @, (g} to Dy, ().
Tg —Ccos @ D, Dy Dy Dy Dy Dy Dy Dy, Dy,
0,60 -0,2 3,38243 | 0,62108 | 9,12529 | 6,54742 | 0,81650 | 1,95959 |-1,14310 | 5,39270 | 4,79507
0,55 -0,1 2,78125 | 0,60533 | 7,24939 | 4,67963 { 0,90453 | 1,98997 | -1,08544 | 5,30518 | 4,11464
0,50 0,0 2,23746 | 0,57080 | 5,60899 | 3.23370 | 1,00000 | 2,00000 |-1,00000| 5,14159 | 3,46740
0,45 0,1 1,75360 | 0,52058 | 4,20523 | 2,14543 | 1,10554 | 1,98997 |-0,88443 | 4,90651 | 2,86010
0,40 0,2 1,33116 | 0,45812 | 3,03379 1,35379 | 1,22474 | 1,95959 | -0,73485 | 4,60354 | 2,20865
0,35 0,3 0,97069 | 0,38712 | 2,08541 | 0,80178 | 1,36277 1,90788 | -0,54511 | 4,23557 | 1,78835
0,30 0,4 0,67178 | 0,31150 | 1,34618 | 0,43709 | 1,52753 | 1,83303 |-0,30551 | 3,80499 | 1,33393
0,25 0,5 0,43301 | 0,23535 | 0,79785 | 0,21281 | 1,73205 | 1,73205 0,00000| 3,31380 | 0,93972
0,20 0,6 0,25187 | 0,16294 | 0,41802 | 0,08797 | 2,00000 | 1,60000 0,40000| 2,76367 | 0,60967
0,15 0,7 0,12461 | 0,09865 | 0,18032 | 0,02809 | 2,38048 | 1,42829 0,95219 | 2,15606 | 0,34742
0,10 * 08 0,04590 | 0,04698 | 0,05459 | 0,00560 | 3,00000 | 1,20000 1,80000 | 1,49220 | 0,15633
0,05 0,9 0,00823 | 0,01254 | 0,00697 | 0,00035 | 4,35890 | 0,87178 3,48712 | 0,77320 | .0,03955
0,00 1,0 0,00000 | 0,00000 | 0,00000 | 0,00000 o0 0,00000 s} 0,00000 ‘0,00000
0,10 0,80 | 0,04590 | 0,04698 | 0,05459 | 0,00560 ! 3,00000 | 1,20000 1,80000 | 1,49220 | 0,15633
0,09 0,82 0,03537 | 0,03857 | 0,03997 | 0,00368 | 3,17980 | 1,14473 2,03507 | 1,35278 | 0,12694
0,08 0,84 | 0,02643 | 0,03088 | 0,02819 | 0,00230 | 3,39117 | 1,08517 2,30599 | 1,21116 | 0,10053
0,07 0,86 0,01898 | 0,02395 | 0,01896 | 0,00135 | 3,64496 | 1,02059 2,62437 ) 1,06735 | 0,07715
0,06 0,88 0,01295 | 0,01782 | 0,01199 | 0,00073 | 3,95811"| 0,94995 3,00817 | 0,92136 | 0,05682
0,05 0,90 0,00823 | 0,01254 | 0,00697 | 0,00035 | 4,35890 | 0,87178 3,48712 | 0,77320 | 0,03955
0,04 0,92 | 0,00473 § 0,00812 : 0,00358 { 0.00014 | 4,89898 |} 0,78384 4,11514 | 0,62286 | 0,02537
0,03 0,94 0,00231 0,00463 | 0,00152 | 0,00005 | 5,68624 | 0,68235 5,00389 | 0,47037 | 0,01430
0,02 0,96 0,00084 | 0,00208 ; 0,00045 | 0,00001 | 7,060000 | 0,56000 | 6,44000| 0,31573 | 0,00637
0,01 0,98 0,00015 |- 0,00053 | 0,00006 | 0,00000 | 9,94987 | 0,39800 9,55188 | 0,15893 | 0,00160
0,00 1,00 { 0,00000 | 0,00000 | 0,00000 | 0,00000 o0 0,00000 [¢] I 0,00000 | 0,00000
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. Table 8. Functions Dylp) to Py (@)
—cos g |~ Dy Dy Dy Dy Dy | Byq Dys Dy, Dy

1,86574 | 1,02835 | 1,17576 |-0,31836 | 0,79236 | 3,14387 | 1,92000 | 8,03069 | 5,25182

0,60 -0,2
0,66 -0,1 1,72378 | 1,76159 | 1,09449 |-0,17990 | 0,67598 | 2,86495 | 1,93000 | 7,03248 | 4,11485
0,50 0,0 1,57080 | 1,57080 | 1,00000 | 0,06000 0,57080 | 2,57080 | 2,00000 | 6,03820 | 3,14159
0,46 0,1 ‘f 1,41067 | 1,36426 | 0,89549 | 0,22010 | 0,47564 | 2,26662 | 1,98000 | 5,06803 | 2,32523
0,40 0,2 1,24633 | 1,14977 | 0,78384 | 0,48144 | 0,38964 | 1,95732 | 1,92000 | 4,14007 | 1,65674
0,356 0,3 1,08016 | 0,93479 | 0,66776 | 0,78862 | 0,31216 | 1,64768 | 1,82000 | 3,27080 | 1,12516
0,30 0.4 _ |N\O,81417 | 0,72650 | 0,54991 1,14871 | 0,24276 | 1,34258 | 1,68000 | 2,47543 | 0,71785
25 0, 0,75000 | 0,53190 | 0,43301 1,57636 0,18117 | 1,04720 | L,50000 | 1,76817 | 0,42063
20 0, 0,58908 | 0,35784 | 0,32000 | 2,09257 | 0,12730 | 0,76730 | 1,28000 | 1,16241 | 0,21794
0,16 0, 0,43263 | 0,21103 | 0,21424 | 2,74669 | 0,08126 | 0,560974 | 1,02000 | 0,67083 | 0,00300
10 0, 0,28170 | 0,09810 | 0,12000 | 3,64330 | 0,04350 | 0,28350 | 0,72000 | 0,30555 | 0,02786
05 0, 0,13722 | 0,02560 | 0,04359 | 5,12146 { 0,01514° | 0,10231 } 0,38000 | 0,07821 | 0,00352
0,00 1 0,00000 | 0,00000 © 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,28170 | 0,09810 | 0,12000 | 3,64330 | 0,04350 | 0,28350 | 0,72000 | 0,30555 | 0,02786
0,25226 | 0,08016 | 0,10303 | 3,87192 | 0,08702 | 0,24307 | 0,66520 | 0,24869 | 0,02035
0,22308 | 0,06388 | 0,08681 | 4,12563 | 0,03093 | 0,20455 | 0,58880 | 0,19743 | 0,01433
0,19418 | 0,04933 | 0,07144 | 4,41107 | 0,02523 | 0,16812 | 0,52080 ! 0,15187 | 0,00962
0,16556 | 0,03685 | 0,05700 | 4,73798 | 0,01996 | 0,13395 | 0,456120 | 0,11210 | 0,00607
0,13722 | 0,02560 | 0,04359 | 5,12146 | 0,01514 | 0,10231 | 0,38000 | 0,07821 | 0,00352
0,01652 | 0,03135 | 5,568681 | 0,01080 | 0,07350 | 0,30720 | 0,05028 | 0,00181
0,08142 | 0,00937 | 0,02047 | 6,18145 0,00699 | 0,04793 | 0,23280 | 0,02841 | 0,00076
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2 s 0,05397 | 0,00420 | 0,01120 | 7,01186 | 0,00379 | 0,02619 | 0,15680 | 0,01269 | 0,00023
1 . 0,02683 | 0,00106 | 0,00398 8,41785 | 0,00134 | 0,00930 | 0,07920 | 0,00319 | 0,00003
s 0,00000 | 0,00000 | 0,00000 © | 0,00000 | 0,00000 0,00000 | 0,00000 | 0,00000

Table 4. Function L{p,y) = Ly, ¢).

—02 | —01 | 00 0.1 02 | 03 | o0& | 05 o6 | o1 | 08
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0,60 0,55 0,560 0,46 0,40 0,35 0,30 0,25 0,20 ‘ 0,15 | 0,10
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0,55840 | 0,62236 | 0,69315 | 0,77340 | 0,86701 | 0,98010 | 1,12323 | 1,31696 | 1,60944 | 2,16158 ©
0,52531 | 0,68506 | 0,65103 | 0,72560 | 0,81222 | 0,91629 | 1,04697 | 1,22164 | 1,47942 } 1,93964 | 3,63721
0,49119 | 0,54669 | €,60781 | 0,67671 | €,75643 | 0,85173 | 0,97051 | 1,12750 | 1,35462 | 1,74232 | 2,79354
0,45574 | 0,50690 | 0,56313 | 0,62632 | 0,68918 | 0,785856 | 0,89315 | 1,03351 | 1,23305 | 1,66183 | 2,33243
0,41857 | 0,46527 | 0,51647 | 0,57387 | 0,63982 | 0,71792 | 0,81400 | 0,93850 | 1,11277 | 1,39073 | 1,98270
0,37911 | 0,42114 | 0,46715 | 0,51857 = 0,57748 | 0,64684 | 0,73180 | 0,84102 | 0,99166 . 1,22567 | 1,68924
0,33647 | 0,37356 | 0,41406 | 0,45924 | 0,51083 | 0,57140 | 0,64509 | 0,73900 | 0,86701 | 1,06139 | 1,42542
)

'94 | 0,03] 028918 | 0,32087 | 0,35542 | 0,30386 | 0,43763 | (,48883 | 0,55078 | 0.62917 | 0,73482 | 0,89208 | 1,17360
'06 | 0,02]| 0.23435 | 0,25989 | 0,28768 | 0,31854 | 0,35356 | 0,39440 | 0,44357 | 0,50536 | 0,58779 | 0,70834 | 0,01629
A ,01] 0,16449 | 0,18232 | 0,20169 | 0,22314 | 0,24744 | 0.275G6 | 0,30949 | 0,35174 | 0,40756 | 0,48795 | 0,62236
700 | 0,00{ 0,00000 | 0,00000 | 000000 | 0,00000 | 0,00060 ! 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000
Table 5. Function X (g, ) = — X, (v, ¢).
cosg] —02 | —O1 | 00 0,1 0,2 03 | 04 0,5 0,6 0,7 0,8
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0,80 0,55 0,50 [ 0,45 0,40 0,35 0,30 0,25 0,20 0,15 0,10

0,13162 | 0,11598 | 0,10030 | 0,08476 | 0,06957 | 0,05491 | 0,04101 | 0,02815 | 0,01665 | 0,00699 | 0,00000
0,11522 | 0,10178 | 0,08829 ;| 0,07491 | 0,06180 | 0,04914 | 0,03710 | 0,02592 | 0,01586 | 0,00731 | 0,00091
-0,09896 | 0,08762 | 0,07623 | 0,06492 | 0,05383 | 0,04309 | 0,03286 | 0,02333 | 0,01470 | 0,00730 | 0,00159
0,08298 |- 0,07363 | 0,06424 | 0,05491 | 0,04574 | 0,03685 | 0,02837 | 0,02043 | 0,01321 | 0,00696 | 0,00202
0,06743 | 0,05997 | 0,05246 |- 0,04499 | 0,03765 | 0,03051 | 0,02369 | 0,01729 | 0,01144 | 0,00632 | 0,00221
0,05251 | 0,04679 | 0,04104 | 0,03531 | 0,02967 | 0,02219 | 0,01893 | 0,01398 | 0,00944 | 0,00544 | 0,00216
0,03844 | 0,03433 | 0,03018 | 0,02605 { 0,02198 | 0,01801 | 0,01420 | 0,01061 | 0,00728 | 0,00435 | 0,00191
0,02554 | 0,02285 | 0,02014 | 0,01743 | 0,01477 | 0,01216 | €¢,00966 ' 0,00729 | 0,00509 | 0,00313 | 0,00148
0,01421 | 0,01274 | 0,01126 | 0,00977 | 0,00831 | 0,00687 | 0,00549 | 0,00419 | 0,00297 | 0,00188 | 0,00094
0,00614 { 0,00461 | 0,00408 | 0,00356 | 0,00303 | 0,00252 { 0,00203 | 0,00156 | 0,00112 | 0,00073 | 0,00038
0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

Table 6. Function X, (g, v).

1
o
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ol

—0,2 —0,1 0,0 0,1 0,2 0.3 0,4 0,5 0,6 07 | 08

a
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o

0,60 0,55 | 0,50 045 0,40 0,35 03 | o2 | o2 0,15 0,10

oo

SERRRESSIR3S

oL

OO0

0,05895 | 0,07373 |- 0,09096 | 0,11122 | 0,13534 | 0,16463 | 0,20123 | 0,24906 | 0,31622 | 0,42466 | 0,72000
0,04997 | 0,06247 | 0,07704 | 0,09413 | 0,11445 } 0,13906 | 0,16971 | 0,20951 | 0,26484 | 0,35199 | 0,54535
0,04158 | 0,05196 | 0,06405 { 0,07821 | 0,09501 | 0,11532 | 0,14053 | 0,17309 | 0,21792 | 0,28712 | 0,42762
0,03379 | 0,04222 | 0,05201 | 0,06347 | 0,07705 ; 0,09343 | 0,11369 | 0,13973 | 0,17528 | 0,22922 } 0,33246
0,02663 | 0,03326 | 0,04095 | 0,04995 | 0,06060 | 0,07340 | 0,08920 | 0,10942 | 0,13681 | 0,17774¢ | 0,25274
0,02012 | 0,02512 | 0,03092 | 0,03769 | 0,04569 | 0,05530 | 0,08711 | 9,08217 | 0,10243 | 0,13231 | 0,18522
0,01430 | 0,01785 | 0,02196 | 0,02675 | 0,03241 | 0,03919 | 0,04751 | 0,05806 | 0,07218 | 0,09276 | 0,12820
0,00923 | 0,01151 | 0,01416 | 0,01724 | 0,02087 | 0,02522 | 0,03054 | 0,03726 | 0,04620 | 0,05910 | 0,08080
0,00499 | 0,00622 } 0,00765 | 0,00931 | 0,01127 | 0,0i360 | 0,01645 | 0,02004 | 0,02479 | 0,03158 | 0,04279
0,00175 | 0,00219 | 0,00269 | 0,00327 | 0,00395 | 0,00477 | 0,00576 | 0,00701 | 0,00865 | 0,01097 | 0,01475
0,00000 | 0,00000 } 0,00000 | 0,0C000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000
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Table 7. Function X (y, ¢).
—cosy] —0,2 | —0,1 0,0 0,1 0,2 0,3 04 0,5 0,6 0,7 0,8
—cosy
TN o0 055 | 0,50 0,45 0,40 0,35 0,30 0,25 0,20 0,15 0,10
0,80|0,10| 2,20256 | 2,31424 | 2,30004 | 2,27675 | 2,21617 | 2,12483 | 1,99840 | 1,82941 | 1,60378 | 1,28920 | 0,72000
0,82|0,09] 2,19323 | 2,21550 | 2,21242 | 2,18385 | 2,12875 | 2,04494 | 1,92861 | 1,77321 | 1,56673 | 1,28301 | 0,82832
0.8¢ [ 0,08] 2,08492 | 2,10750 |-2,10630 | 2,08126 | 2,03148 | 1,95506 | 1,84863 | 1,70649 | 1,51836 | 1,26282 | 0,87459
0,86 {0,07| 1,96614 | 1,98873 | 1,98917 | 1,96747 | 1,92288 | 1,85373 | 1,75708 | 1,62798 | 1,45766 | 1,22847 | 0,80224
0,88 0,06| 1,83488 | 1,85711 | 1,85894 | 1,84042 | 1,80091 | 1,73898 | 1,65208 | 1,53504 | 1,38311 | 1,17906 | 0,88720
0,90 | 0,05| 1,68821 | 1,70970 | 1,71264 | 1,69713 | 1,66264 | 1,60795 | 1,53089 | 1,42780 | 1,20242 | 1,11284 | 0,86092
0,92 |0,04| 1,52170 | 1,54197 | 1,54572 | 1,53306 | 1,50359 | 1,45627 | 1,38929 | 1,20058 | 1,18196 | 1,02678 | 0,81240
0,94 | 0,03| 1,32790 | 1,34635 | 1,35054 | 1,34062 | 1,31625 | 1,27662 | 1,22023 | 1,14460 | 1,04566 | 0,91549 | 0,73802
0,96 | 0,02] 1,09238 | 1,10816 | 1,11235 { 1,10507 | 1,08610 | 1,05481 | 1,01004 | 0,94990 | 0,87121 | ,76826 | 0,62921
0,98 [ 0,01} 0,77815 | 0,78981 | 0,79330 | 0,78873 | 0,77596 | 0,75456 | 0,72378 | 0,68234 | 0,62815 | 0,55748 | 0,46285
1,00 | 0,00 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000
Table 8. Function X, (¢, ).
-cosg] —0,2 | —O0,1 00 | ol 0,2 03 | 04 0,5 0,6 0,7 0,8
-cosy
ki NG 0,60 0,55 | 9,50 l 045 0,40 0,35 0,20 0,25 0,20 0,16 0,10
0,80 0,10| 0,80503 | 0,78320 | 0,75809 | 0,72925 | 0,69607 | 0,657756 | 0,61317 | 0,56061 | 0,49725 | 0,41761 | 0,305556
0,82 |0,09| 0,69088 | 0,67234 | 0,65104 | 0,62658 | 0,59846 | 0,56603 | 0,562834 | 0,48400 | 043073 | 0,36422 | 0,27318
0,84 {0,08] 0,58193 | 0,56648 | 0,54874 | 0,52838 | 0,50499 | 0,47804 | 0,44676 | 0,41003 | 0,36604 | 0,31143 | 0,23807
0,86 | 0,07 0,47869 | 0,46612 | 0,45169 | 0,43513 | 0,41613 | 0,39425 | 0,36889 | 0,33917 | 0,30366 | 0,25982 | 0,20175
0,88 |0,06] 0,38175 | 0,37183 | 0,36045 | 0,34740 | 0,33243 | 0,31521 | 0,29527 | 0,27193 | 0,24413 | 0,20997 | 0,16523
0,90 | 0,05| 0,29184 | 0,28433 | 0,27572 | 0,26586 | 0,25455 | 0,24155 | 0,22652 | 0,20896 | 0,18808 | 0,16253 | 0,12040
0,92 | 0,04| 0,20984 | 0,20449 | 0,19837 | 0,19135 | 0,13332 | 0,17409 | 0,16343 | 0,15099 | 0,13624 | 0,11826 | 0,09513
0,94 | 0,03| 0,13695 | 0,13350 | 0,12954 | 0,12501 | 0,11983 | 0,11388 | 0,10702 | 0,09902 | 0,08955 | 0,07805 | 0,06337
0,96 | 0,02| 0,07490 | 0,07303 | 0,07089 | 0,06844 | 0,06564 | 0,06242 | 0,05872 | 0,05441 | 0,04931 | 0,04315 | 0,03532
0,98 | 0,01 0,02661 | 0,02595 | 0,02520 | 0,02434.| 0,02335 | 0,02222 | 0,02092 | 0,01941 | 0,01763 | 0,01548 | 0,01277
1,00 | 0,00| 0,00000 | 0,09000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000
Table 9. Function X, {y, ¢).
-cosg| —0.2 | —0,1 0,0 0,1 0,2 03 | 04 0,6 0,6 0,7 038
~cosy )
N 0,60 ] 0,56 | 0,50 0,45 0,40 035 | 030 0,25 0,20 0,15 0,10
0,80| 0,10] 0,76110 | 0,74676 | 0,73310 | 0,71112 | 0,68341 | 0,64934 | 0,60796 | 0,55770 | 0,49590 | 0,41718 | 0,30565
0,82 0,09] 0,65277 | 0,64070 | 0,62925 | 0,61073 | 0,58734 | 0,55859 | 0,52369 | 0,48137 | 0,42947 | 0,36378 | 0,27315
0,84 ]0,08] 0,54950 | 0,53953 | 0,53011 | 0,51478 | 0,49541 | 0,47159 | 0,44269 | 0,40770 | 0,36489 | 0,31100 | 0,23800
0,86 | 0,07| 0,45175 | 0,44370 | 0,43614 | 0,42374 | 0,40807 | 0,38880 | 0,36542 |. 0,33715 | 0,30264 | 0,25942 | 0,20167
0.88 | 0,06] 0,36006 | 0,35377 | 0,34787 | 0,33816 | 0,32586 | 0,31074 | 0,29241 | 0,27025 | 0,24327 | 0,20961 | 0,16515
0.90 | 0,05| 0,27510 | 0,27038 | 0,26598 | 0,25868 | 0,24943 | 0,23805 | 0,22426 | 0,20761 .| 0,18738 | 0,16223 | 0,12932
0,92 0,04] 0,19769 | 0,19436 | 0,19127 | 0,i8611 | 0,17957 | 0,17151 | 0,16176 | 0,14999 | 0,13570 | 0,11802 | 0,09506
0,94 0,03] 0,12895 | 0,12682 | 0,12485 | 0,12154 | 0,11733 | 0,11216 | 0,10589 | 0,09834 | 0,08918 | 0,07789 | 0,06331
0,06 | 0,02] 0,07049 | 0,06934 | 0,06829 | 0,06651 | 0,06425 | 0,06146 | 0,05809 | 0,056402 | 0,04910 | 0,04305 | 0,03529
0,98 | 0,01] 0,02503 | 0,02463 | 0,02426 | 0,02364 | 0,02285 | 0,02187 | 0,02069 | 0,01927 | 0,01755 | 0,01545 | 0,01276
1,00 | 0,00| 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0, 0,00000 | 0,00000 | 0,00000
Table 10. Function X; (g, p).
cosp] —0,2 | —0,1 0,0 0,1 0,2 03 | 04 0,5 0,6 0,7 0,8
~CO8 i
’ NG 0,60 0,55 [ 0,50 0,45 0,40 0,35 0,30 0,25 0,20 0,15 0,10
0,80 | 0,10] 0,34977 | 0,30598 | 0,26380 | 0,22340 | 0,18498 | 0,14877 | 0,11504 | 0,08413 | 0,05648 | 0,03272 | 0,01393
0.8210,09] 0,30208 | 0,26453 | 0,22834 | 0;19366 | 0,16066 | 0,12954 | 0,10051 | 0,07387 | 0,04998 | 0,02935 | 0,01285
0.84|0,08] 0,25606 | 0,22445 | 0,19397 { 0,16476 | 0,13694 | 0,11069 | 0,08618 | 0,06364 | 0,04339 | 0,02582 | 0,01162
0,86 | 0,07} 0,21196 | 0,18598 | 0,16092 | 0,13688 | 0,11398 | 0,00235 | 0,07214 | 0,05353 | 0,03677 | 0,02217 | 0,01026
0,88 0,06] 0,17011 | 0,14940 | 0,12942 | 0,11024 | 0,09197 | 0,07470 | 0,05854 | 0,04364 | 0,03019 | 0,01843 | 0,00877
0,90 | 0,05 0,13086 | 0,11504 | 0,09977 | 0,08511 | 0,07113 | 0,05790 | 0,04552 | 0,03409 | 0,02375 | 0,01468 | 0,00717
0,92 | 0,04] 0,09468 | 0,08331 | 0,07233 | 0,06179 | 0,05173 | 0,04221 | 0,03329 | 0,02504 | 0,01756 | 0,01099 | 0,00550
0,94|0,03| 0,06218 | 0,05476 | 0,04760 | 0,04072 | 0,03415 | 0,02793 | 0,02209 | 0,01669 .| 0,01178 | 0,00745 | 0,00382
0,96 | 0,02] 0,03422 | 0,03017 | 0,02625 | 0,02249 | 0,01889 | 0,01548 | 0,01228 | 0,00932 | 0,00662 | 0,00424 | 0,00222
0,98 | 0,01] 0,01223 | 0,01079 | 0,00940 | 0,00806 | 0,00679 | 0,00657 | 0,00444 | 0,00338 | 0,00242 | 0,00156 | 0,00084
1,00 0,00] 0,00000 : 0,00000 | 0,00000 | 0,00000 | 0,00000 ' 0,00000 | 0,00000 | 0,06000 | 0,00000 | 0.66000 | 0.00000
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’ Table 11. Function X;(y, ¢).
Joomg| - —02 [ —01 [ 00.] 01 | o2 03 | 04 | 05 0,6 0,7 0,8
.coaww 0,60 - 0,55 0,50 0,45 0,40 0,35 036 0,25 0,20 0,15 0,10
TH £ th > E) ¥ » Lol > > » ¥
0,80 0,10 0,03606 | 0,03486 | 0,033563 | 0,03205 | 0,03041 | 0,02858 | 0,02652 | 0,02418 | 0,02146 | 0,01819 | 0,01393
0,820,09| 0,02779 | 0,02688 | 0,02586 | 0,02473 |- 0,02347 | 0,02207 | 0,02050 i 0,01871 | 0,01664 | 0,01416 | 0,01097
0,84 10,08| 0,02077 | 0,02009 | 0,01933 | 0,0184% | 0,01756 | 0,01652 | 0,01536 | 0,01404 | 0,01251 | 0,01068 | 0,00835
0,86 [ 0,07] 0,01492 | 0,01443 | 0,01389 | 0,01329 | 0,01263 | 0,01189 | 0,01108 | 0,01012 | 0,00904 ; 0,00774 | 0,00611
0,88.1 0,061 0,01018 | 0,00085 | 0,00948 | 0,00908 | 0,00863 | 0,00813 | 0,00767 | 0,00693 | 0,00620 | 0,00533 X
0,90 [ 0,05] 0,00647 | 0,00626 | 0,00603 | 0,00578 | 0,00549 | 0,00518 | 0,00482 | 0,00442 | 0,00396 | 0,00342 | 0,00274
0,92 (0,04} 0,00371 | 0,00360 | 0,00346 | 0,00332 | 0,00316 | 0,00298 | 0,00278 | 0,00255 | 0,00229 | 0,00198 | 0,00159
0,94 (0,03] 0,00181 | 0,00176 | 0,00169 | 0,00162 | 0,00154 | 0,00146 | 0,00136 | 0,00125. | 0,00112 | 0,00097 | 0,00079
0,96 1 0,02] 0,00066 | 0,00064 | 0,00062 | 0,00059 | 0,00056 | 0,00053 | 0,00050 | 0,00046 | 0,00041 | 0,00036 ,00029
0,98 { 0,01] 0,00012 | 0,00011 | 0,00011 | 0,00010 | 0,00010 | 0,00009 | 0,00009 | 0,00008 | 0,00007 ,00008 | 0,00005
1,00 | 0,00] 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000. [ 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000
Table 12. Function X, (¢, y).
-conp] — 0,2 —0,1 0,0 0,1 0,2 l 0,3 0,4 0,5 0,6 0,7 0,8
~cosy v
™ I# 0,60 0,55 0,50 0,45 0,40 i 0,35 0,30 0,25 0,20 0,15 0,10
0,80 | 0,10] 0,00462 | 0,00578 | 0,00712 | 0,00868 | 0,01055 | 0,01279 | 0,01587 | 0,01915 | 0,02406 | 0,03158 | 0,04698
0,82 | 0,09] 0,00353 | 0,00441 } 0,00544 | 0,00863 | 0,00805 | 0,00976 | 0,01187 | 0,01457 | 0,01826 | 0,02383 | 0,03453
0,84 | 0,08} 0,00262 | 0,00327 | 0,00403 | 0,00491 | 0,00596 | 0,00722 | 0,00877 | 0,01075 | 0,01344 | 0,01745 | 0,02485
0,86. 0,071 0,00187 | 0,00233 | 0,00287 | 0,00350 | 0,00424 | 0,00513 | 0,00623 | 0,00763 | 0,00951- | 0,01230 | 0,01728
0,88 [ 0,06| 0,00126 | 0,00168 | 0,00194 | 0,00236 | 0,00287 ! 0,00347 | 0,00420 | 0,00514 | 0,00840 | 0,00824 | 0,01145
0,807 0,05] 0,00080 | 0,00099 | 0,00122 | 0,00149 | 0,00181 | 0,00218 | 0,00264 | 0,00323 | 0,00401 | 0,00516 | 0,00709
0,92 10,04] 0,00045 | 0,00057 | 0,00070 | 0,00085 | 0,00103 | 0,00124 | 0,00150 | 0,00183 | 0,00227 | 0,00291 | 0,00397
0,94 1 0,03] 0,00022 | 0,00027 | 0,00034 | 0,00041 | 0,00050 | 0,00060 | 0,00073 | 0,00089 | 0,00110 { 0,00140 | 0,00189
0,96 10,02{ 0,00008 | 0,00010 | 0,00012 } 0,00015 | 0,00018 | 0,00022 | 0,00026 | 0,00032 } 0,00039 | 0,00050 | 0,00067
0,98 1 0,01} 0,00001 | 0,00002 | 0,00002 | 0,00003 | 0,00003 ! 0,00004 | 0,00005 | 0,00006 | 0,00007 | 0,06009 | 0,00012
1,00 {0,001 0,00000 | 0,00000 | 0,00000 ; 0,00000 | 0,00000 | 0,00000 ,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000
Table 13. Function X (v, ¢).
-cosp}] — 0,2 —0,1 0,0 0,1 0,2 0,3 0,4 0,6 0,6 0,7 0,8
Teoew Y‘ 0,60 0,58 0,50 0,45 0,40 0,35 0,30 0,25 0,20 0,15 0,10
7w ) g E y 5 E , ) S S
0,80 0,10} 2,00203 | 1,77146 | 1,54007 | 1,31056 | 1,08567 | 0,86834 | 0,66187 | 0,47008 | 0,20786 | 0,15222 | 0,04698
0,82 0,09} 1,94395 | 1,72330 ; 1,50169 | 1,28166 | 1,06580 | 0,85687 | 0,65790 | 0,47244 | 0,30404 | 0,16163 | 0,05360
0,84 | 0,08] 1,87621 | 1,66539 | 1,45451 | 1,24493 | 1,03808 | 0,83952 | 0,64906 | 0,47098 | 0,30929 | 0,16952 | 0,06092
0,86 (0,07} 1,79412 | 1,69619 | 1,39711 | 1,19909 | 1,00438 | 0,81533 | 0,63455 | O, 0,31032 | 0,17540 | 0,06806
0,88 {0,061 1,69837 | 1,51360 | 1,32763 | 1,14249 | 0,96024 | -0,78305 | 0,61328 | 0,45361 | 0,30730 | 0,17867 | 0,07433.
0,90, 0,05} 1,568474 | 1,41469 | 1, 1,07277 -| 0,90462 | 0,74092 | 0,58378 | 0,43560 { 0,20929 | 0,17858 | 0,07907
0,92 | 0,041 1,44839 | 1,29506 | 1,14054 | 0,98647 | 0,83449 | 0,68634 | 0,54389 | 0,40924 | 0,28490 | 0,17409 | 0,08148
0,94 10,031 1,281356 | 1,14751 | 1,01255 | 0,87788 | 0,74491 | 0,61513 | 0,49014 | 0,37173 | 0,26200 | 0,16364 | 0,08045
0,96 | 0,021 1,08843 | 0,95830 | 0,84718 | 0,73621 | 0,62656 | 0,561940 | 0,41604 | 0,31791 | 0,22668 | 0,14447 | 0,07421
0,98 {0,011 0,77131 | 0,60284 | 0,61362 | 0,5 0,45615 | 0,37965 | 0,30566 | 0,23516 | 0,16950 | 0,11006 | 0,05880
1,00 | 0,00 .0,00000 A 0,00000 | 0,00000 | 0,00000 | 0,00000 [ 0,00000 | 0,00000 | 0,00000 | 0,00000. | 0,00000
Table 14. Funetion X, (9,y).
-cosg] —0,2 —0,1 0,0 0,1 0,2 0,3 0,4 0,6 0,6 0,7 0,8
~COB
Y .N 0,60 0,55 0,60 0,45 0,40 - 0,35 0,30 0,25 .0,20 0,15 0,10
0,80 | 0,10] 0,06634 | 0,06362 | 0,06164 | 0,05938 | 0,05678 | 0,05379 | 0,05032 | 0,04624 | 0,04138 | 0,03535 | 0,02730
0,82 | 0,09] 0,05039 | 0,04907 | 0,04766 | 0,04583 | 0,04384 | 0,04156 | 0,03891 | 0,03580.( 0,03210 | 0,02764 | 0,02150
0,84 | 0,08] 0,03767 | 0,03669 | 0,03557 | 0,03429 | 0,03281' | 0,03112 | 0,02916 | 0,02687 | 0,02414 | 0,02078 | 0,01639
0,86 | 0,07| 0,02707 | 0,02637 | 0,026568 | 0,02466 | 0,02361 | 0,02241 | 0,02101 | 0,01938 | 0,01744 | 0,01507 | 0,01199
0,88 | 0,08]| 0,01848 | 0,01801 | 0,01746 | 0,01685 | 0,01614 | 0,01532 | 0,01438 | 0,01328 | 0,01197 | 0,01038 | 0,00832
0,90 0,05] 0,01175 | 0,01146 | 0,01111 | 0,01072 | 0,01028 | 0,00976 | 0,00917 | 0,00848 | 0,00765 | 0,00866 | 0,00537
0,92 | 0,04] 0,00675 | 0,00658 | 0,00639 | 0,00616 | 0,00591 | 0,00562 | 0,00528 | 0,00488 ! 0, 2 | 0,00385 | 0,00313
0,94 1 0,03} 0,00330 | 0,00322 | 0,00312 | 0,00302 | 0,00289 | 0,00275 | 0,00259 | 0,00240 | 0,00217 | 0,00190 | 0,00155
0,96 | 0,02] 0,00120 | 0,00117 | 0,00114 | 0,00110 | 0,00105 | 0,00100 | 0,00094 | 0,00088 | 0,00079 | 0,00070 | 0,00057
0,98 { 0,01] 0,00021 | 0,00021 | 0,00020 | 0,00020 | 0,00019 | 0,00018 | 0,00017 | 0,00016 | 0,00014 | 0,00012 | 0,00010
1,00 0,60] 0,00000 X g ,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 X 0,00000 | 0,00000
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Table 156. TFunction X, (v, ¢).

-cosg] —0,2 | —O0,1 00 0,1 02 . 03 0,4 0,5 0,6 0,7 0,8
meosy N 056 | 0,50 0,45 0,40 0,35 0,30 025 0,20 0.15 0,10
0,86 0,10} 0,64228 | 0,66670 | 0,49251 0,42026 0,35048 | 0,28379 | 0,22086 | 0,16249 | 0,10970 | 0,06387 | 0,02730
0,8210,09] 0,56512 | 0,49028 | 0,42662 | 0,36458 | 0,30463 | 0,24729 | 0,19312 | 0,14280 | 0,09716 | 0,05736 | 0,02521
0,84 [ 0,08} 0,47088 | 0,41629 r 0,36268 | 0,31040 | 0,25985 | 0,21147 | 0,1657]1 | 0,12313 | 0,08442 | 0,05052 | 0,02284
0,86 10,07} 0,39008 | 0,34519 | 0,30109 | 0,25807 | 0,21645 | 0,17657 ;| 0,13882 | 0,10365 | 0,07160 | 0,04341 | 0,02019
0,8810,08| 0,31327 | 0,27749 | 0,24232 | 0,20799 | 0,17477 | 0,14291 | 0,11273 | 0,08456 | 0,05884 | 0,03613 | 0,01727.
0,90 (0,05| 0,24115 | 0,21381 | 0,18693 | 0,16068 | 0,13526 | 0,11086 | 0,08773 | 0,06611 | 0,04632 | 0,02879 | 0,01413
0,92 [ 0,04| 0,17460 | 0,15405 | 0,13562 | 0,11674 | 0,09844 | 0,08088 | 0,06420 | 0,04859 | 0,03428 | 0,02157 | 0,01085
0,94 (0,03|-0,11474 | 0,10192 | 0,08931 | 0,07698 | 0,06503 | 0,05355 | 0,04263 | 0,03241 | 0,02302 | 0,01465 | 0,00756
0,96 (0,92| 0,06319 | 0,05618 | 0,04928 | 0,04254 | 0,03599 | 0,02970 | 0,02372 | 0.01811 | 0,01295 | 0,00833 | 0,00439
0,98 (0,01} 0,02260 | 0,02011 | 0,01766 | 0,01526 | 0,01294 | 0,01070 | 0,00857 | 0,00657 | 0,00473 | 0,00307 0,00166
1,00] 0,00 0,00000 | 0,00000 | G,00000 | 0,060000 | 0,00000 | 0,00000 [ 0,00000 | 0,00600 | O, -0,00000 | 0,00000

Table 16. Function X, (p,¢) = Xy (v, ¢).

-cosgp] — 0,2 — 01 0,0 0,1 0,2 0,3 0,4 0,6 0,6 0,7 0,8
-cosy .

Y S oo 0,55 | 0,50 0,45 0,40 0,35 0,30 0,25 0,20 0,16 0,10
0,80 | 0,10] 0,02891 | 0,02536 | 0,02194 | 0,01866 | 0,015564 | 0,01259 | 0,00983 | 0,00729 0,00500 | 0,00302 0,00140
0,820,091 0,02239 | 0,01966 | 0,01702 | 0,01449 | 0,01208 | 0,00980 | 0,00767 | 0,00571 | 0,00394 | 0,00240 | 0,00113
0,84 0,08} 0,01682 | 0,01477 | 0,01280 | 0,01091 | 0,00911 | 0,00740 | 0,00581 | 0,00434 0,00301 | 0,00184 | 0,00089
0,86 ( 0,07} 0,01214 | 0,01067 | 0,00926 | 0,00790 | 0,00660 | 0,00537 | 0,00422 | 0,00318 | 0,00220 | 0,00136 | 0,00067
0,88 0,06] 0,00832 | 0,00732 | 0,00636 | 0,00543 | 0,00454 | 0,00370 | 0,00292 | 0,00219 | 0,00154 | -0,00096 | 0,00048
0,90 0,05} 0,00532 | 0,00468 | 0,00407 | 0,00348 | 0,00291 | 0,00238 | 0,00188 | 0,00142 | 0,00100 | 0,00063 | 0,00032
0,92 10,041 0,00307 | 0,00270 | 0,00235 | 0,00201 | 0,00169 | 0,00138 | 0,00103 | 0,00083 | 0,00058 | 0,00037 | 0,00019
0,94 10,03} 0,00151 | 0,00133 | 0,00116 | 0,0009% | 0,00083 | 0,00068 | 0,00064 | 0,00041 | 0,00029 | 0,00019 | 0,00010
0,96 | 0,02 0,00055 | 0,00049 | 0,00042 | 0,00036 | 0,00031 | 0,00025 | 0,00020 | 0,00015 | 0,00011 | 0,00007 ,00004
0,98 (0,01} 0,00010 | 0,00009 | 0,00G08 | 0,00008 | 0,00005 | 0,00004 | 0,00004 | 0,00003 | 6,00002 | 0,00001 | 0,00001
1,00 0,00| 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 ,00000 X | 6,00000 | 0,00000

Table 17. Function X (g, ¢).

-cosg} -—0,2 —0,1 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
~cosy 5

™ i 0,60 0,55 0,50 0,45 0,40 0,35 0,30 0,25 0,20 0,15 0,10
0,8010,10]-0,13701 | —0,15928 | —0,18629 | ~0,22016 | —0,26434 | —0,32488 | —0,41343 | —0,65545 | —0,81888 | —1,46659 —oc;
0,820,091 -0,11695 | —-0,13468 | -0,15733 | —0,18565 | -0,22244 | —0,27258 | ~0,34534 | —0,46056 | -0,66939 | —1,15428 | —3,64024
0,84 | 0,081--0,09633 | --0,11180 } -0,13045 | -0,15371 | —0,18381 | -0,22461 | —-0,28339 | —0,37542-| ~0,53889 | —0,90142 | —2,33157
0,861 0,07 -0,07818 | -0,02065 | —0,10567 | —0,12433 | —0,14839 | —0,18087 | ~0,22732 | —0,20931 | —-0,42492 |—0,69317 | —1,60309
0,881 0,061 -0,06152 | ~0,07128 | -0,08300 | —0,097563 | -0,11620 | —0,14128 | -0,17693 | —0,23165 | ~0,32565 | —0,62013 | —-1,115565
0,90} 0,05 | -0,04642 | —0,05374 | -0,06251 | —0,07336 | —0,08726 | —0,10584 | ~-0,13211 | —0,17207 | —0,23976 | —0,37608 | ~0,76313
0,921 0,04 1-0,03294 | —0,63811 | -0,04429 | -0,05192 | —0,06165 | —0,07462 | —0,09284 | —0,12035 | —0,16636 | —0,25688 | —-0,49932
0,94 0,03 | -0,02123 | -0,02454 | —0,02849 | -0,03336 | —-0,03955 | —0,04777 | -0,06926 { —0,07648 | —0,10495 | —0,15984 | —0,30015
0,96 | 0,02} -0,01146 | —0,01324 | —0,01536 | —0,01797 | -0,02127 | —0,02564 | —0,03172 | —0,04077 | —0,05557 | ~0,08361 -0,15258
0,98 | 0,01 ] -0,00402 | —0,00464 | —0,00538 | -0,00629 | —0,00743 [ -0,00884 | —-0,01103 | —0,01413 | —0,01914 -0,02848 | —0,065074
1,00{ 0,00 0,00000| 0,00000] 0,00000| 0,00000| 0,00000| 0,00000 X 0,00000 | 0,00000 | 0,00000 | 0,00000

Table 18. Function X, (v, ¢).

cosg| —0,2 | —0,1 00 | 01 0,2 03 | 04 0,5 0,6 0,7 0,8
~Cosy

! N 0,60 0,55 0,50 0,45 0,40 0,35 0,30 0,25 0,20 0,15 0,10
0,80|0,10| 4,76197 | 4,72520 | 4,61371 | 4,42312 | 4,14475 | 3,76343 | 3,25263 | 2,56224 | 1,58112 | -0,03830 | —oo
0,821 0,09] 5,18049 | 5,15759 | 5,05753 | 4,87652 | 4,60667 | 4,23409 | 3,73473 | 3,06420 | 2,12883 | 0,66238 | —3,25866
0,84 10,08| 5,66293  5,656496 | 5,56670 | 5,39492 | 5,13243 | 4,76647 | 4,27509 | 3,61867 | 2,71662 | 1,35890 | —1,51769
0,860,071 6,23114 | 6,23957 | 6,16366 | 6,00074 | 574427 | 5,38244 | 4,89502 | 4,24623 | 3,36584 | 2,08339 | -0,20091
0,880,06| 691914 | 6,94601 | 6,88328 | 6,72881 | 6,47664 | 6,11576 | 5,62734 | 4,97865 4,10744 | 2,87186 | 0,78434
0,90]0,05y 7,78344 | 7,83181 | 7,78351 | 7,63695 | 7,38670 | 17,02237 | 6,52622 | 5,86780 | 4,99002 | 3,77442 | 1,85221
0,9210,04] 8,92706 | 9,00173 | 8,96983 | 8,83037 | 8,57835 | 8,20385 | 7,68980 | 7,00729 | 6,10434 | 4,87436 | 3,02794
0,94 0,03] 10,56435 | 10,67373 | 10,66164 | 10,52775 | 10,26745 | 9,87100 | 9,32148 | 8,59051 | 7,62834 [ 6,33742 | 4,47629
0,96 | 0,02 13,24844 | 13,41004 | 13,42464 | 13,29275 | 13,01001 | 12,56635 | 11,94408 | 11,11364 | 10,02443 | 8,58132 | 6,56742
0,981 0,01 19,16871 | 19,43536 | 19,4965, | 19,85371 | 19,00282 f 18,43183 | 17,61944 | 16,53021 | 15,10467 | 13,23536 | 10,69512
1,00 0,00 © ® , o o @ Lo © © ce] © ©
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Table 19. Function X (g, v). ’

-cose] —02 | —01 0,0 01 | 02 03 04 | 05 06 | .07 08
~COS | - B
¥ ek o0 055 | 0,60 045 040 0,35 10,30 0,25 020 | 0,15 0,10
0,80 | 0,10} 0,20315 | 0,23403 | 0,26893 | 0,30800 | 0,35592 | 0,41225 | 0,48221 | 0,57346 | 0,70205 | 0,91144 | 1,49220.
6,82 0,09] 0,17249 [ 0,19862 | 0,22812 | 0,26193 | 0,30144 | 0,34875 | 0,40728 | 0,48315 | 0,58891 | 0,75685 | 1,13512
0,84 | 0,08 0,14376 | 0,18547 | 0,18994 | 0,21796 | 0,25063 | 0,28965 | 0,33775 | 0,39974 | 0,48532 |.0,61841 | 0,89235
0,86 | 0,07] 0,11704 | 0,13465 | 0,15448 | 0,17716 | 0,20355 | 0,23500 | 0,27363 | 0,32316 | 0,39094 | 0,49448 | 0,69520
0,88 | 0,06} 0,09238 | 0,10624 | 0,12183 | 0,13963 | 0,16031 | 0,18489- | 0,21499 | 0,25340 | 0,30555 | 0,38398 | 0,52943
0,90 [ 0,056] 0,06991 | ©,08036 | 0,09211 | 0,10550 | 0,12104 | 0,13947 | 0,16197 | Q,19055 | 0,22907 | 0,28624 | 0,38861
0,92 1 0,04] 0,04976 | 0,05718 | 0,06561 | 0,07499 | 0,08598 | 0,09898 | 0,11481 | 0,13483 | 0,16164 | 0,20094 | 0,26936
0,94 |1 0,03{ 0,03216 | 0,03694 | 0,04230 | 0,04840 | 0,06545 | 0,06378 | 0,07389 | 0,08663 | 0,103568 | 0,12818 | 0,16999
0;96 | 0,02] 0,01742 | 0,02000 | 0,02289 | 0,02617 | 0,02997 | 0,03444 | 0,03986 | 0,04666 | 0,05566 | 0,06859 | 0,09013
0,98 | 0,01} 0,00813 | 0,00703 | 0,00805 | 0,00920 | 0,01052 | 0,01208 | 0,01397 | 0,01633 | 0,01943 | 0,02386 | 0,03110
1,00 | 0,00} 0,00000 | 0,00000 | 0,00000 | 0,60000 | 0,00000 | 0,00000 ; 0,00000 | 0,00000 | 0,00000 X X

Table 20. Function X,;(y, ¢).

cosg] —0,2 | —0,1 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,3
-cosyp

Y 0,60 0,55 | 0,60 0,45 0,40 0,35 0,30 0,25 0,20 0,15 0,10
0,80 | 0,10] 5,53595 | 5,43065 | 5,30303 | 512427 | 4,89992 | 4,62425 | 4,28812 | 3,87622 | 3,36030 | 2,67608 | 1,40220
0,82 | 0,00] 520349 | 520482 | 507824 | 4,912i8 | 470354 | 4,44723 | 4,13512 | 3,75382 | 3.27917 | 2.65004 | 1.70645
0,84 | 0,08{ 502868 | 4,94856 | 4,83201 | 4,67867 | 4,48579 | 4,24886 | 3.96069 | 3,60958 | 3,17485 | 2,61382 | 1,70638
0,86 | 0,07| 4,74095 | 4,66735 | 4,56088 | 4,42038 | 4,24343 | 4,02605 | 3,76192 | 3.44086 | 3,04523 | 2.53087 | 1.82889
0,88 | 0,06] 442245 | 435637 | 4,26011 | 4,13267 | 3.97196 | 3,77450 | 3,53478 | 3,24309 | 288714 | 2,43531 | 1.81572
0,90 | 0,05] 4,06718 | 4,00870 | 3,92280 | 3,80801 | 3,66407 | 3,48804 | 3.27341 | 3,01354 | 2,69581 | 2,29652 | 1.75075
0,92 |0,04] 3.66448 | 3,61379 | 3,53884 | 3,43805 | 3,31250 | 3,15723 | 2,96886 | 274117 | 2,46370 | 2,11726 | 1,65800
0,04 | 0,03] 319646 | 3,15394 | 3,09056 | 3,00579 | 2,80838 | 2,76825 | 2,60611 | 2,41283 | 2,17798 | 1,88643 | 1.50572
0,96 10,02| 262848 | 250487 | 2,54435 | 2,47651 | 230041 | 2,28443 | 2,15604 | 2,00127 | 1,81370 | 1,58202 | 1,28270
0,98 0,01] 1,87166 | 1,84866 | 1,81378 | 178877 | 1,70699 | 1,63336 | 1,64418 | 1,43679 | 1,30605 | 1,14720 | 0,94301
1,00 | 0,00] 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 { 0,00000 | 0,00000 | 0,00000

Table 21. Function Xy (@, v} = X4 (v, 9).

-cosg| —0,2 | —0;1 00 | o1 [ 02 | 03 | 04 | 05 0.6 0,7 0,8
o o> 060 0,55 | 0,50 045 0,40 0,35 0,30 0,25 0,20 0,15 0,10
TH £ g4 » ’ t4 ¥ t4 r £ ’ ’

0,80 | 0,10} 0,44532 | 0,43011 | 0,41321 | 0,39445 | 0,37356 | 0,35019 | 0,32382 | 0,29366 | 0,25836 | 0,21523 | 0,15633
0,82 | 0,09] 0,38187 | 0,36894 | 0,35460 | 0,33867 | 0,32095 | 0,30115 | 0,27884 | 0,25337 | 0,22365 | 0,18758 | 0,13962
0,84} 0,081 0,32140 | 0,31062 | 0,29866 | 0,28539 | 0,27064 | 0,25417 | 0,23564 | 0,21451 | 0,18994 | 0,16029 | 0,12156
0,86 { 0,07 0,26417 | 0,25540 | 0,24566 | 0,23486 | 0,22287 | 0,20949 | 0,19445 | 0,17733 | 0,15747 | 0,13364 | 0,10294
0,88 | 0,06 0,21052 | 0,20359 | 0,19590 , 0,18738 | 0,17793 | 0,16738 | 0,15554 | 0,14210 | 0,12653 | 0,10793 | 0,08425
0,90 | 0,05 0,16081 | 0,155567 | 0,14975 | 0,14330 | 0,13616 | 0,12819 | 0,11926 | 0,10913 | 0,09743 | 0,08350 | 0,06594
0,92 | 0,04 0,11554 | 0,11181 | 0,10766 | ©,10308 | 0,09800 | 0,09234 | 0,08599 | 0,0788F | 0,07054 | 0,06072 | 0,04845
0,94 (0,03} 0,07535 | 0,07294 | 0,07026 | 0,06730 | 0,06402 | 0,06037 | 0,05628 | 0,05166 | 0,04634 | 0,04006 | 0,03225
0,96 | 0,021 0,04118 | 0,03987 | 0,03842 | 0,03682 | 0,03505 | 0,03307 | 0,03086 | 0,02837 | 0,02551 | 0,02213 | 0,01797
0,98 10,01] 0,01462 | 0,01416. | 0,01385 | 0,01308 | 0,01246 | 0,01177 | 0,01099 | 0,01012 | 0,00912 | 0,00794 | 0,00649
1,00} 0,00] 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

Table 22. Function Xy (g, y).

~cosg] —02 | —0,1 0,0 0,1 ] 0,2 0,3 0,4 0,5 0,6 07 | 08
NG 0,60 0,55 | 0,50 0,45 040 |. 035 03 | o025 0,20 0,15 0,10

~Co8 v,

0,80 | 0,104 --0,01070 | —0,01241 | -0,01447 | -0,01703 | —0,02033 | ~0,02481 | -0,03122 | ~0,04121 | ~0,05882 | -0,09758 | -0,28170
0,821 0,09] -0,00817 | -0,00947-| —0,01103 | ~0,01297 | —-0,01547 | —0,01884 | —~0,02364 | ~0,03107 | —0,04398 | —0,07148 | —0,16963
0,84 | 0,08 -0,00605 | —0,00701 { ~0,00816 | -0,00958 | —0,01142 | ~0,01387 | -0,01737 | —0,02272 | -0,03192 | ~0,05101 | ~0,11151
0,86 1 0,07 -0,00431 | -0,00499 | -0,00580 | -0,00681 | —0,00810 | —0,00983 | -0,01227 | -0,01599 | —0,02231 | -0,03513 | —0,07272
0,88 | 0,06 —0,00291 | —0,00337 | —0,00392 | ~0,00459 | —0,00546 | ~0,00661 | —0,00824 | —0,01069 | —0,01483 | ~0,02305 | —0,04582
0,90 | 0,05} -0,00184 | —0,00212 | -0,00247 | —0,00289 | —-0,00343 | —0,00415 | —0,00515 | -0,00667 | —0,00919 | —0,01413 | —0,02721
0,92 0,041 -0,00104 | —0,00121 | -0,00140 | -0,00164 | —0,00195 | —0,00235 | -0,00201 | -0,00376 | -0,00515 | —0,00784 | —0,01471
0,94 | 6,03] -0,00051 | -0,00058 | —0,00068 | -0,00079 | -0,00094 | —~0,00113 | —0,00140 | —0,00180 | —0,00246 | —0,00371 | -0,00681
0,96 | 0,02} -0,00018 | -0,00021 | -0,00024 | -0,00029 | —0,00034 [—0,00041 | —0,00050 | -0,00065 | —0,00088 | —0,00131 | ~0,00236
0,98 | 0,011 -0,00003 | -0,00004 | -0,0000.: | ~0,00005 | -0,00006 | —0,006007 | —0,00009 | -0,00011 | —0,00015 | ~0,00023 | ~0,00040
1,00 0,00] 0,00000| 0,00000) 0,00000| 0,00000} 0,00000! 0,00000]| 0,00000] 0,00000| 0,00000| 0,00000| 0,00000
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Table 23. Function X, (v, ¢).
-cosp} —0,2 —0,1 0,0 0,1 0,2" 0,3 0,4 0,5 0,6 0,7 0,8
-cosy
Y NG 0,60 0,55 0,50 0,45 0,40 0,35 0,30 0,25 0,20 0,15 0,10
0,8010,10| 2,66095 | 2,18598 | 1,71840 | 1,26587 | 0,83669 | 0,44034 | 0,08830 |-0,20426 | —0,41464 | —0,50030 | —0,28170
0,8210,09| 3,156794 | 2,64040 | 2,12899 | 1,63159 | 1,15664 | 0,71367 | 0,31403 | -0,02762 | —0,29014 | -0,43640 | —0,35822
0,84 {0,08| 3,72044 | 3,16288 | 2,60112 | 2,05232 | 1,52515| 1,02927 | 0,57602 | 0,17971 |~0,13964 | —0,34891 | —0,36733
0,86 | 0,07| 4,30888 | 3,77464 | 3,15377 | 2,54481 | 1,95674 | 1,30945 | 0,88442 | 0,42579 | 0,04280 | -0,23432 | —0,34069
0,88 {0,061 5,20244 | 4,50844 | 3,81622 | 3,13484 | 2,47371 | 1,84312 | 1,25480 | 0,72297 | 0,26641 | -0,08663 | -0,28137
0,90 (0,05| 6,19984 | 5,41826 | 4,63669 | 3,86483 | 3,11275| 2,30129 | 1,71266 | 1,09143 | 0,54632 | 0,10437 | -0,18615
0,92 | 0,04| 7,49807 | 6,60164 | 5,70217 | 4,81125| 3,93985 | 3,09966 | 2,30372 | 1,66729 | 0,90955 | 0,35717 | —0,04551
0,94 10,03) 9,32261 1 8,25968 | 7,19190 | 6,13141 | 5,09056 | 4,08245 | 3,12145 | 2,22418 | 1,41101 | 0,70934 | 0,16201
0,96 | 0,02} 12,24069 | 10,90653 | 9,66358 | 8,22648 | 6,91005 | 5,62983 | 4,40272 | 3,24793 | 2,18857 | 1,25473 | 0,49093
0,98 | 0,01 { 18,48897 | 16,55703 | 14,60875 | 12,66454 | 10,74494 | 8,87130 | 7,06660 | 5,35661 | 38,77172 | 2,35036 | 1,14665
1,00 | 0,00 0 0 ©0- ['e] 00 @ e} [ee} s} 0 @
Table 24. Function X, (9, v).
-cos q:l —0,2 —0,1 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
~coBY
N 0,60 0,55 0,50 045 0,40 0,35 0,30 0,25 0,20 0,15 0,10
0,80 | 0,10} 0,01600 | 0,01841 | 0,02113 | 0,02423 | 0,02785 | 0,03218 | -0,03746 | 0,04428 | 0,05364 | 0,06808 | 0,09810
0,82 0,098] 0,01225 | 0,01409 | 0,01616 | 0,01853 | 0,02128 | 0,02458 | 0,02858 | 0,03372 | 0,04074 | 0,05143 | 0,07223
0,84 | 0,081 0,00909 | 0,01045 | 0,01199 | 0,01373 | 0,01577 | 0,01818 | 0,02113 | 0,02490 | 0,03002 | 0,03770 | 0,05206
0,86 { 0,07} 0,00649 | 0,00746 | 0,00855 | 0,00879 | 0,01123 | 0,01294 | 0,01503 | 0,01769 | 0,02127 | 0,02660 | 0,03624
0,88 [ 0,06} 0,00439 | 0,00505 | 0,00579 | 0,00883 | 0,00760 | 0,00875 | 0,01015 | 0,01193 | 0,01432 | 0,01783 | 0,02404
0,90 | 0,05| 0,00278 | 0,00319 | 0,00365 | 0,00418 | 0,00479 | 0,00551 | 0,00639 | 0,00750 | 0,00899 | 0,01115 | 0,01490
0,92 | 0,04| 0,00158 | 0,00182 | 0,00208 | 0,00238 | 0,00273 | 0,00314 | 0,00364 | 0,00426 | 0,00509 | 0,00630 | 0,00835
0,94 | 0,03| 0,00077 | 0,00088 | 0,00i01 | 0,00115 | 0,00132 | 0,00152 | 0,00176 | 0,00206 | 0,00246 | 0,00303 | 0,00399
0,961 0,02| 0,00028 | 0,00032 | 0,00037 | 0,00042 | 0,60048 | 0,00055 | 0,00063 | 0,00074 | 0,00088 | 0,00109 | 0,00142
0,98 | 0,01 0,00005 | 0,00006 | 0,00006 | 0,00007 | 0,00008 | 0,00010 | 0,00011 | 0,00013 | 0,00015 | 0,00019 | 0,00025
1,00 { 0,00| 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,60000 | 0,00000 | 0,00000 | 0,00000
Table 25. Function Xy, (¢, ¢).
-cosp] —0,2 —0,1 0,0 0,1 02 | 03 ‘ 0,4 0,5 0,6 0,7 0,8
~C03
v NG 0,60 0,65 0,50 0,45 0,40 0,35 0,30 0,25 0,20 0,15 0,10
0,8010,10| 4,42426 | 3,87515 | 3,33767 | 2,81594 | 2,31433 | 1,83767 | 1,39149 | 0,98255 | 0,61968 | 0,31598 | 0,09810
0,82 0,09} 4,28874 | 3,76352 | 3,24004 | 2,74918 | 2,26802 | 1,81006 | 1,38043 | 0,98533 | 0,63275 | 0,33426 | 0,11114
0,84 (0,08] 4,13042 | 3,63122 | 3,14189 | 2,66604 | 2,20747 | 1,77035 | 1,35940 | 0,98030 | 0,64025 | 0,34947 | 0,12559
0,86 | 0,07| 3,94562 | 3,47493 | 3,01324 | 2,56389 | 2,13038 | 1,716556 | 1,32672 | 0,96605 | 0,64102 | 0,36062 | 0,13963
0,88 | 0,06| 3,72938 | 3,20019 | 2,85911 | 2,43921 | 2,03369 | 1,64604 | 1,28019 : 0,94078 | 0,63358 | 0,36648 | 0,15194
0,90 | 0,05| 3,47475 | 3,07073 | 2,67392 | 2,28709 | 1,91313 | 1,55519 | 1,21678 | 0,90201 | 0,61599 | 0,36554 | 0,16115
0,92 (0,04 3,17125 | 2,80714 | 2,44930 | 2,10020 | 1,76239 | 1,43864 | 1,13204 | 0,84618 | 0,58546 | 0,35572 | 0,16566
0,94 [ 0,03] 2,80163 | 2,48394 | 2,17154 | 1,86654 | 1,57113 | 1,28768 | 1,01882 | 0,76756 | 0,53763 | 0,33384 | 0,16326
0,98 [ 0,027 2,33205 | 2,07164 | 1,81454 | 1,66335 | 1,31985 | 1,08593 | 0,86370 | 0,65560 | 0,46454 | 0,29432 | 0,15035
0,980,01} 1,68199 | 1,49588 | 1,31266 | 1,13352 | 0,95972 | 0,79259 | 0,63357 | 0,48436 | 0,34696 | 0,92395 | 0,11897
1,00 {0,00] 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 X 0,00000
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permissible.The mean line of ing slot flow,the relative form change
the fin is extended tow .The is divided in the degrees of freedom ¢
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